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The objectwe of the study was to monltor the faecal col~form concentratlons In areas surrounding 
four beaches to assess ~f the beaches are safe for swlmmlng These beaches were located In the 
Ocho R ~ o s  Bay (Sador Hole Beach and Turtle Beach), Montego Bay (Walter Fletcher Beach), and 
In Negrll (Community Centre Beach) 

A total of 1,258 samples were collected between August 26 and December 12 Samples were 
analyzed by a field laboratory set up for thls project In Ocho R ~ o s  uslng techniques approved by the 
U S Env~ronmental Protect~on Agency (USEPA) Outs~de quallty control analyses were performed 
by the Nat~onal Water Comm~sslon (NWC) laboratory In Montego Bay A laboratory 
~ntercal~brat~on exerclse was performed s~multaneously wlth the laboratory of the Natural Resources 
Conservat~on Authorlty (NRCA) and a prlvate laboratory (Kolbusch and Partners, Ltd ) 

Ocho R ~ o s  - Sailor Hole Beach 

The beach recelves faecal collform malnly from two freshwater rlvers Turtle Rlver (source for over 
95% of the col~form) and from Sallor Hole Rlver 

The faecal col~form concentratlons along the Sallor Hole Beach exceeded the USEPA standard (from 
1986) of 200 col/100 ml a total of 33% of the tlme The data represent largely dry weather 
condlt~ons 

Wet weather conditions were sampled on October 2 Samples were collected one hour before a 
med~um-slzed rainstorm (ram mount 20 mm), and agaln one hour and elght hours after the storm 
One hour after the storm faecal col~form concentratlons had Increased by one to two orders of 
magn~tude, greatly evceedlng the USEPA standard After e~ght hours, the concentratlons had agaln 
decllned to concentratlons that st111 exceeded the USEPA standard sl~ghtly The data suggest that 
the beach exceeds the USEPA standard for swlmmlng durlng most, ~f not all, med~um-sized and 
larger ralnstorms 

The bath~ng publlc may need to be Informed by local authorlt~es that the beach exceeds the standard 
for swlmmlng durlng and after ralnstorms and, at tlmes, durlng dry weather cond~tlons 

Improving the water quality along the beach requlres lmprovlng the water qual~ty of Turtle Rlver 
A deta~led survey of the entlre watershed should be conducted In conjunct~on wlth efforts by the 
Water Resources Authorlty to !dent]@ all polnt sources to the extent poss~ble Elimlnat~on of these 
polnt sources may at least lmprove the water quality along the beach to consistently safe bathlng 
levels durlng dry weather 
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Add~t~onal wet weather data collected durlng and after ralnstorms are des~rable to evaluate the 
effects of different types of ralnstorrns 

Ocho Rios - Turtle Beach 

The main potnt source for faecal coltform enterlng the beach appears to be a drainage pipe that 
empties Into the central part of the eastern Ocho Rlos Bay at the end of a small boat pler A second, 
but smaller, source IS l~kely the stormwater drainage plpe enterlng the bay near Turtle Towers 
Other sources for coliform are crulse shlps ( ~ f  they illegally dlscharge wastewater), the Fern Gully 
Dralnage Channel (potentla1 source dur~ng large ralnstorms), and small boats (although volumes 
would be small) 

Durlng dry weather condlt~ons, the faecal collform condltlons In the eastern Ocho Rios Bay 
generally were low The USEPA standard was exceeded by up to 11% of the samples, depending 
on the station locatlon in the bay The only exception was the statlon at the discharge point of the 
stormwater dramage plpe, where the faecal collform concentratlons exceeded the standard 32% of 
the tlme The h~ghest concentratlon durlng dry weather condltlons at that station was measured w~th  
18,000 co1/100 ml This high concentratlon suggests that the pipe may dlscharge wastewater from 
households and/or other establlshments The volume of water d~scharged through the plpe may vary, 
which would explaln the occas~onally high faecal collform concentratlons durlng dry weather In 
other parts of the bay 

During wet weather condltlons, the faecal coliform concentratlons In the eastern Ocho R ~ o s  Bay 
were h ~ g h  One hour after the ralnstorm on October 2, the ent~re eastern Ocho Rios Bay greatly 
exceeded tlie USEPA standard The high concentratlons were likely caused malnly by stormwater 
runoff that entered the bay through the plpe underneath the boat pier Residents stated that during 
storms, water can be seen bubbllng up from the end-polnt of the pipe and the entlre bay may turn 
brown E~ght hours after the storm, the concentrations had ma~nly decreased to levels at around the 
standard 

Other sources of contam~nat~on In the bay that were observed consisted of spills from bllge water 
and motor 011 near boat plers Such sources can easlly be avolded through responsible boat 
operation, supported by appropriate enforcement 

Mitlgatlon of wastewater entering the bay requires locating and dtsconnectlng wastewater d~scharges 
from households and other establ~shments that currently enter the stormwater drainage pipes 
Connections should instead be established to the new sewage treatment plant Thls step would 
lmprove tlie water quality durlng dry weather conditions 

However, stormwater d~scharges wlll most likely st111 carry hlgh loads of collform Into the bay due 
to the inultttude of small potnt and non-polnt sources Most llkely, the only effective mlt~gat~on 
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measure for malntaln~ng safe bathlng condit~ons along the beach durlng wet weather 1s the relocat~on 
of the stormwater dramage plpe One opt~ons conslsts of extending the pipe out to sea beyond the 
reef The second optton consists of rerouting the discharge point to the east Into the Fern Gully 
Dramage Channel This opt~on may require pumping 

Addlt~onal wet weather data collected durlng and after rainstorms are des~rable to evaluate the 
effects of different types of ralnstorms and to confirm that the dralnage plpe IS the maln source of 
faecal collform entering the bay These add~tional data would allow to determine the amount of 
rainfall requ~red to increase the faecal coliform concentrations to levels above the USEPA standard 
The data would further prov~de Important lnformatton for immediate management steps for the 
beach 

Additional wet weather samples are also des~rable from the second drainage plpe near the Turtle 
Towers It may be adv~sable to reroute the pipe along w ~ t h  the plpe underneath the boat pler 

The bath~ng public may need to be lnformed by local authorities that the beach exceeds the USEPA 
standard for swlmming dur~ng and after larger ralnstorms 

Boat maintenance regulat~ons should be reviewed for small boats and be enforced At the same 
t ~ m e ,  local author~t~es should create facllitles on shore to facil~tate easy compl~ance by the boat 
owners w ~ t h  such regulat~ons 

Montego Bay - Walter Fletcher Beach 

During dry weather, the water along the Walter Fletcher Beach, as well as along the adjacent Dump- 
up Beach and One-man Beach, IS typ~cally safe for swimming, faecal col~form concentratlons were 
very low However, dur~ng two of the 18 samples collected along the Walter Fletcher Beach during 
dry weather (October 27 & 28), faecal collform counts were very h~gh, greatly exceeding the 
USEPA standard of 200 co1/100 ml The reason for the hlgh values is not known, but they appear 
to have been caused by a one-time d~scharge Poss lb~l~t~es  Include a discharge through one of the 
two stormwater dralnage pipes that enter Montego Bay through the rock grolns on both sides of 
Walter Fletcher Beach, or a discharge from the sanitary faclllty at the beach 

Durlng wet weather the conditions at elther one of the three beaches cannot be ascertained 
conclus~vely at t h ~ s  tlme due to the absence of sufficient rainfall during the study period Samples 
collected twlce on days following a medmm-s~zed rainstorm on the previous day had faecal collform 
concentrations of up to 60 co1/100 mi, lnd~catlng that at least 18 hours after a storm, the beaches 
were safe for swimmlng However, the faecal col~form concentratlons were higher than durlng 
t jp~cal  dry weather condit~ons, indrcat~ng that stormwater runoff does affect the beach The maln 
sources of faecal col~form during wet weather are expected to be North Gully and the two 
stormwater drainage plpes In the rock grolns Montego Rlver and South Gully could be sources as 
well during very large ralnstorms when the entire Montego Bay IS affected (see report of the 
Montego Bay Env~ronmental Monltorlng Programme, Berger 1996) 
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Adequate wet weather data are needed to determine the water quallty along the beaches durlng and 
shortly after rainstorms, and to determine the relative sign~ficance of the main sources for collform 
for the beaches (I e , North Gully and the stormwater plpes that discharge along the rock grolns) 

The cause for the unusually high faecal collform concentrations on October 27 and 28 should be 
explored further by investigating the exlsting sanltary fac~llty on the property of the Walter Fletcher 
Beach and by assessing the drainage system that IS connected to the two stormwater plpes The 
cause for the high concentrations must be eliminated before the beach can be considered safe for 
swimming during all dry weather condltions 

Negrll - Commun~ty Centre Beach 

The faecal coliform concentrations along the Communlty Centre Beach are determined entirely by 
the brown water of the South Negr~l Rlver upon entry Into the ocean ("river plume") The rlver is 
tldal During the outgolng tide, the brown river plume moves either to the west, parallel to the cliffs, 
or to the north, parallel to the Community Centre Beach The direction of the plume appears to vary 
depending on the tides, current, and/or wind, the relative sign~ficance of these factors IS not yet 
understood 

When the river plume moves to the west, the water along the Communlty Centre Beach 1s turquoise 
blue ('blue-water condltions') Faecal coliform concentrations along the beach are very low to 
absent, the beach IS safe for swlmmlng 

When the rlver plume moves to the north parallel to the beach, the water along the beach is brown 
The faecal collform concentratlons Increase Depending on the volume of river water that IS 

transported along the beach, the faecal collform concentrations may or may not exceed the USEPA 
standard for swlmmlng "Brown-water condltions" were observed on two days during the study 
period extending for approximately 1 kilometer along the beach from the mouth of the river Durlng 
these two days the faecal coliform concentrations exceeded the USEPA standard at some statlons 
along the stretch of the Community Centre Beach, concentrations In the brown water further away 
from the mouth of the river did not exceed the USEPA standard "Light brown conditions" were 
observed along the beach on some of the days durlng the study perlod, faecal coliform 
concentratlons were hlgher than during "blue-water condltions" but never evceeded the USEPA 
standard 

Most of the data that were collected represent dry weather condltlons Durlng rainstorms faecal 
collform concentrations in the river are expected to be higher (although sufficient data do not yet 
eulst) Higher faecal collform concentrations In the rlver should result In higher concentratlons 
along the beach, if the plume was to move to the north during the following outgolng tlde However, 
this assumption needs to be investigated 
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The salin~ty along the beach was lower during "brown-water cond~tions" reflecting the influence of 
the river water The salinity of the downstream part of the South Negrll River was approx~mately 
25 parts per thousands (ppt), although ~t varied considerably for a variety of reasons The sallnlty 
of the ocean water was approximately 35 ppt During "brown-water condltlons", the sallnity along 
the beach vaned between 29 and 33 ppt Initial data showed a h~gh  correlation between salinlty and 
faecal col~form concentrat~ons Therefore, salln~ty (along wlth color ~dentlfication) may become a 
simple-to-use management tool for the Community Centre Beach Salinity measurements are 
immediate, requlrlng less than 10 seconds, faecal coliform analyses requlre a laboratory and are not 
available for over 24 hours Additional simultaneous sallnity and faecal collform data durlng 
"brown-water conditions" are needed to complete the development of this tool 

Recommendations 

The main sources of faecal col~form that d~scharge into the rlver should be Identified These sources 
should be eliminated through connection to the new sewage collect~on system In the Town of Negrll 

Additional data durlng "brown-water cond~tions" along the beach are needed, as well as data during 
and after rainstorms Depending on these data, a management plan for the beach should be 
developed 

Inltlal data indicate that sallnlty measurements along the beach could be a useful and slmple-to-use 
management tool, as discussed above The addit~onal faecal coliform and sallnlty data during 
'brown-water cond~t~ons' should complete the development of sallnlty as a management tool 

Procedures to assure proper performance of the new sewage treatment plant are Important to avold 
impacts to the beach Effluent quality monitoring should be conducted immed~ately starting with 
the operation of the plant 

Summary 

All four beaches have water quality problems under certaln condlt~ons These cond~t~ons are 
d~stlnctly different at each one of these beaches The only common problem at these four beaches 
is that rainfall generally increases the faecal col~form concentrations The amount of Increase 
depends of the provimlty of the beach to stormwater runoff pathways (such as rlvers, gullies, and 
drainage pipes) 

The good news 1s that measures can be ~mplemented to e~ther reduce the sources of coliform to these 
beaches, and/or to manage these beaches to reduce the rlsk to human health dur~ng adverse 
cond~tions Agaln, source reduct~on measures and management options are very site-speclfic and 
thus unlque for each beach Optlons for each beach are outllned In thls report 

W ~ t h  a management plan In place and wlth the implementation of speclfic source reduction 
measures, these beaches can remain a resource wlthout unnecessary risks to human health 
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Recommended Act~vities during Future Phases 

Beach Managenzent Plan Rather than closing these beaches at all t~mes, each of the beaches should 
have a management plan to adopt measures for tlmes of adverse cond~tions to avo~d r~shs  to human 
health Much of the data needed for such plans are available from this study However, add~t~onal 
data are needed for a complete understanding of the range of common water quallty conditions along 
the beach before such a management plan 1s completed Such data cons~st mainly of faecal col~form 
concentrations during and after a number of rainstorms 

Collfornl Souice IdentrJicatron Ultimately, the source of contamination should be m~t~gated 
Therefore, the maln sources of faecal coliform should be ~dent~fied and eliminated In the med~um- 
term, as feas~ble Gwen that all three commun~ties are In the process of complet~ng a new 
wastewater treatment plant, new options ex~st  for the removal of some of the sources that currently 
enter the coast via river, gully, or pipe 

Long-tetm Monrtor~ng Plan Over the long term, the beaches should be monitored by the Natural 
Resources Conservat~on Authority (NRCA) The long-term monitoring plan needs to incorporate 
monitoring under dry weather as well as wet weather condit~ons Before recommendations can be 
made that cons~der the full range of common conditions that affect the beach, addit~onal wet weather 
data are needed 

NRCA Trarnrng Programnle The laboratory equipment that was purchased for t h ~ s  project will be 
glven to the NRCA Effect~ve use of the equ~pment requlres a t r a ~ n ~ n g  programme, since the staff 
of the NRCA 1s currently not fam~liar w ~ t h  the standard USEPA-approved Membrane Filtration 
Method Add~tional training IS also recommended based on the results of the laboratory 
intercal~bration activity We propose to comblne the trainlng programme for the NRCA w ~ t h  the 
collect~on of additional data toward the development of a management plan for these beaches 

Loz~rs Ber get Inter natronal Inc Page 1-6 



U S  Agency for Internatlonal Developnlent Faecal Colfirm In Coastal Waters m Janlalca - Fznal Report (Draft) 

1 1 Background 

The tourism lndustry 1s an Important source of Income for Jama~ca, specifically for communlt~es 
along the North Coast In 1996, Jama~ca had approximately 1 8 million v~srtors (~ncludlng crulse 
s h ~ p  travelers) who spent US$l 1 billlon Approximately 67% of the tourist arrlved from the United 
States Tourlsts are attracted to Jamalca In part because of ~ t s  prlstlne beaches At the same tlme, 
the growing populatlon and the lncreaslng number of tourist faclllt~es increase pressures on the 
natural resources One of these resources are beaches in the more urban~zed areas, specifically 
beaches In the vlclnlty of rlvers and gullles Due to the llmlted sanltary facll~tles on the Island, 
rainstorms result In Increased faecal col~form concentratlons In coastal waters near discharge polnts 

Recently, the Natural Resources Conservation Author~ty (NRCA, 1996) conducted a study on the 
coastal water quality of tourlst areas In Jamalca The report concluded that along many of ~ t s  
beaches, the water 1s safe for bathlng However, at some of the beaches In Jamalca, the water quality 
exceeded the USEPA standard of 200 co1/100 ml for recreational water These beaches Included the 
Sallor Hole Beach and Turtle Beach (Ocho R~os), the Walter Fletcher Beach (Montego Bay), and 
the Community Centre Beach (Negrll) The NRCA study stated further that the faecal collform 
concentratlons were hlgher after flood and heavy rainfall events Slmllarly, elevated faecal co l~fom 
concentratlons In coastal waters near Walter Fletcher Beach were measured durlng the Montego Bay 
Environmental Monitoring Programme In 50% of the samples (n=14) over 5 years (Berger, 1996) 

Louis Berger Internatlonal, Inc (Berger) has been contracted by the U S Agency for Internatlonal 
Development (USAID) to study the four beaches d~scussed in the NRCA report In more detail The 
project has been a part of USAID's Development of Envzronnzental Management Organzzatlons 
Pt oject (DEMO), that 1s managed by Technical Support Services, Inc 

Thls report presents the findings and recommendat~ons based on four mon~torlng events conducted 
over four months Recommendatlons for the protection of human health are provlded to the extent 
posslble w ~ t h  currently ava~lable data 

1 2 Study S~tes 

The four beaches are located In three communlt~es along the North Coast of Jamalca (Flgure 1 - 1 )  
All four beaches are close to areas wlth urban developments, although the populat~on denslty varles 
considerably 

Oclro Rzos (Snzlor Hole Bench mzd Turtle Benclr) The Sallor Hole and Turtle Beach are located 
along the Ocho Rios Bay (Flgure 1-2) The bay 1s an Integral part of the Town of Ocho RIOS The 
two beaches are used by local residents and vlsltors to the Town 

Montego Bny (Wnlter Fletcher Beaclr) Walter Fletcher Beach is located on the eastern side of 
Montego Bay (the water body) The beach was artificially created through filllng of shallow coastal 
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lands In recent years The beach IS In the m~ddle of a string of three beaches with Dump-up Beach 
to the south and One-man Beach to the north (Figure 1-3) Each beach 1s protected by a rock groin 
structure 

NegriI (Community Centre Beaclt) The Community Centre Beach is located to the south of the 
well-known 7-mile long beach located along Long Bay In Negrll (F~gure 1-4) The beach 1s located 
adjacent to a Community Centre for the Town and 1s easily access~ble to the publlc 

1 3 Report Organ~zat~on 

The report 1s organized into elght sectlons and five attachments as follows 

Sectron 2 - Water Qualrty Indrcators for Human Health - Ovewzew A brlef overvlew of 
bacter~ological indicators used for assessing water quallty for human health Thls overvlew 
Includes faecal collform 

Sectzon 3 - Methodology Descrlptlon of sampllng methods and analyt~cal procedures Thls sectlon 
also descr~bes the quallty control measures that were important to thls project 

Sectron 4 - Ocho Rzos - Sarlor Hole Beach and Turtle Beach Each of the beaches at the three study 
s ~ t e s  IS Influenced by a unlque set of parameters Therefore, each of the sltes 1s d~scussed In a 
separate chapter, conslstlng of an overvlew of the slte, a presentat~on and discussion of the data, 
recomme~idat~ons toward a management plan, and suggested additional actlvltles 

Sectzon 5 - Montego Bay - Walter Fletcher Beach 

Sectzon 6 - Negrrl - Conzlnunrty Centre Beach 

Sectron 7 - Long-term Monztorrng Plan A few comments about long-term monltorlng of the four 
beaches 

Sectzon 8 - Szrnzn~ary Summary of maln conclusions 

Attachinents A to C Tables w ~ t h  all analyt~cal data for Ocho Rlos, Montego Bay, and Negrll, 
respectively Data are summarlzed by each one-week sampllng event, there were a total of four 
events durlng the study These tables Include key stat~stlcal values Some of the mean and 
maximum concentrat~ons are presented further on overvlew maps 

Attachment D Qual~ty control data Quality control was conducted both internally through field 
duplicates (as well as by other measures d~scussed In Sect~on 3 O), and through analyses of duplicate 
samples by the NWC laboratory In Bogue 

Attachment E Data obtalned as part of the laboratory lntercallbratlon effort between four 
laboratories NRCA, NWC (Bogue), Kolbusch and Partners, and Berger's field laboratory The 
attachment presents the data along w ~ t h  a dlscusslon and recommendat~ons 
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Water contammated by sewage contains pathogens Pathogens are d~sease-caus~ng organlsms The 
goal of water qual~ty mon~tor~ng for pathogens 1s to protect the publlc health by keeplng exposures 
to below levels whlch cause illnesses A second goal IS to use the data for the ldentlfication of 
pathogen sources and to gulde approprlate management and regulatory act~ons 

Thls sectlon presents an overvlew of the use of mlcrob~al indicators to measure pathogens In water 
Thls overvlew Includes faecal collform whlch IS w~dely used as an lndlcator of sewage-associated 
pathogens and whlch was used as an Indicator In thls study The overvlew does not Include 
organisms that are less frequently used as indlcators for other pathogens such as helmlnths and 
protozoa Thls sectlon was Included in part because the NRCA wlll be developing recreatlonal water 
qual~ty standards later thls year, results from t h ~ s  study may ald In the evaluation of approprlate 
standards for Jama~ca 

2 1 Microbial Indicators of Water Quality 

Protection of public health from diseases transmitted by exposures to sewage contammated waters 
requlres both the ldentificatlon and treatment of contaminant sources and the abillty to test waters 
for contamlnatlon Unfortunately, dlrect detection of water-transmitted pathogens 1s extremely 
d~fficult Perhaps the greatest problem wlth screening waters to protect human health uslng dlrect 
detect~on of pathogens IS that each potentlal pathogen would have to be counted This would requlre 
the s~multaneous measurement of different pathogenlc specles w~thln wldely divergent groups 
lncludlng bacteria, vlruses, paras~tes and protozoans For pathogenlc vrruses alone, there are more 
than 120 distlnct lndlv~dual organlsms In sewage The most common viruses of concern to 
recreatlonal waters cause gastrolntestlnal lllness and are known as enterlc vlruses Enterlc vlruses 
Include enterov~ruses, rotaviruses, astrovlruses, caliclvlruses, Hepat~tls A, Nonvalk vlrus, etc 
(Wlllams & Akln, 1986, West, 1991) An add~tional d~fficulty of dlrect enumeratlon of pathogenic 
bacterla and v~ruses 1s that they are able to produce lllness even when thelr levels are low whlch 
requlres that large volumes of water need to be analyzed The European dlrectlve on enterovlrus In 
beach waters 1s based on 10 Ilters, whlle comparable AustralIan monltorlng used 100 llter samples 
(Ashbolt, 1996) In addition, not all pathogens can be cultured and therefore are not easlly detected 
from marlne waters 

For these and other reasons ~t has not been feasible to use dlrect pathogen counts for general water 
qual~ty monltorlng Instead, mlcroblal lndlcators have been developed whlch lndlcate the potentlal 
presence of pathogens These m~crobial lndlcators have then been used to support emplrlcally 
derlved water quallty standards almed at protecting publlc health These indlcators Include 
(collforms, faecal coliform, and enterococcus) Microbial ind~cators are not pathogens 

Several tralts contr~bute to the selection of a microbial ind~cator An Ideal lndlcator for human 
pathogens in water should have the following traits (adapted from Metcalf, 1978,cf McNelll, 1991) 
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be present In wastewater and appear in polluted water whenever pathogens are present, 
not appear In unpolluted water, 
occur In much greater numbers than assoclated pathogens, 
occur In numbers relatlve to the degree of pollution, 
have a h~gher survlval rate than pathogens, 
be applicable to varlous types of waters (marlne water, freshwater) 
have detection methods whlch are sensltlve and accurate and straightforward, 
have non-slte speclfic characterlstlcs, 
not be able to replicate w~thln natural waters, and 
be safe to handle and process 

At present, all lndlcators for pathogens caused by sewage contamlnatlon are m~crob~al  The 
mlcroblal lndlcators coexlst together w~th  pathogens In the gastrolntestlnal tracts of man and warm- 
blooded animals However, unllke pathogens, the microbial lndicators commonly used for water 
testlng exlst at very hlgh levels In the gastrolntestlnal tract Therefore, they are potent~ally good 
tracers of sewage contamlnatlon and assoc~ated water-borne pathogen~c organrsms 

Total collform bacter~a are used as one of the more common mlcrob~al lndicators Total collforms 
are made up of faecal and non-faecal col~form specles Human waste contains large numbers of these 
bacterla In excess of 50 mllllon col~forms per gram and more than 3 mllllon per 100 ml The very 
high numbers of faecal collforms In untreated sewage can be seen In a study of the Montego Bay 
wastewater treatment fac~llty (pr~or to the ongolng upgrade) where average concentrations over five 
years were approximately 12 mllllon co1/100 ml Commonly analyzed col~form bacterla Include 
also Escher lchra colr (E colr) and faecal streptococcos (enterococcos) 

The m~crob~al ~nd~cators that are commonly used for water testlng typically do not cause dlseases 
This aspect IS ~mportant as ~t avolds some of the health concerns durlng the sample analyses In water 
quality laborator~es Col~form bacterla are almost entlrely non-pathogen~c to man, w ~ t h  only a few 
strains of faecal collforms causing d~arrhoea potent~ally fatal to new-born infants Col~form bacter~a 
can also cause some problems through thew ablllty to pass drug-resistance to pathogen~c organisms 

Of the more than 2 bllllon collforms excreted by the average adult per day, about 2% have drug 
res~stant genes The drug resistant pathogenic bacterium, ShzgelIa dysenterrae caused an outbreak 
of bacillary dysentery In Central Amerlca (1968-1971) from contammated water, where more than 
112,000 cases were reported for Guatemala alone (Mara, 1976) 

At present, total col~forms are used as an lndlcator of sewage contamination In warm climates such 
as Jama~ca However, tests for faecal col~form bacter~a or a slngle specles of faecal col~form (E 
Colr) or another group of enterlc bacter~a (enterococcus) are more appropriate Total collform 
concentrat~ons are affected by the growth of non-faecal col~form bacter~a In the recelvlng waters 
w~th  high comparat~vely hlgh temperatures (Mara, 1976) In contrast, faecal col~form bacterla (and 
pathogens) show much less tendency for growth In the environment They therefore represent a 
better lndlcator for sewage contamlnatlon and for the protect~on of human health 

Other lndlcators for pathogens In water that is used for contact recreation (e g , sw~rnmlng) are st111 
belng investigated worldwide Studles In recent years suggest that, while the use of faecal coliform 
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as lndlcators for health rlsks In water is an improvement over total coliforms, faecal col~form is less 
accurate in some applications than the use of the mlcroblal lndlcator enterococcus (USEPA) 
Although faecal collform IS st111 w~dely used, enterococcus and E c o l ~  are becomlng preferred 
lndlcators based on epldem~ologlcal studles (see below) 

2 2 Water Qual~ty Standards 

At present, the Natural Resources Conservation Authority (NRCA) IS developing water quallty 
standards related to pathogenlc contamination Standards were passed recently for sewage and trade 
effluent uslng faecal collform bacterla as the pathogenlc indicator Faecal collform concentratlons 
In sewage discharges are not to exceed 200 co1/100 ml, while trade effluent must have 
concentratlons of less than 100 co1/100 ml 

Ambient water quality standards are also being developed by the NRCA wlth draft values expected 
In approvlmately three months Recreational water qual~ty standards will follow and are expected 
to be In place by the end of thls year 

At the present time, the USEPA and World Health Organization (WHO) standards are belng used 
as gu~del~nes for recreatlonal water quallty in many reglons of the world, including In Jamalca The 
histor~c faecal coliform standard set by USEPA In 1986 for prlmary contact recreat~onal waters (e g , 
swimming, bathing, etc ) 1s a geometric mean of 200 co1/100 ml based on a m ~ n ~ m u m  of 5 samples 
collected over an Interval of less than 30 days However, ~f more than 10% of the samples exceed 
400 co1/100 ml, the standard 1s also exceeded The reason for thls 2-t~ered standard IS that in some 
envlronments wlth h~gher faecal coliform levels, a slngle exposure can reach the threshold of low 
but unacceptable health risks (Godfree et al , 1990) The hlstoric USEPA standard from 1986 1s 
currently in use by most of the coastal states of the Unlted States It is Important to note, however, 
that while the standard IS st111 used by state regulators, the USEPA IS currently recommending a shlft 
to enterococcus or E Colr lnd~cators (see below) 

The European Economic Community has developed faecal col~form standards for bathlng waters 
(both for freshwater and saltwater) w ~ t h  a guideline of 100 co1/100 ml and a mandatory limit of 
1 000 co1/100 ml (recently revlsed down from 2,000 co1/100 ml) However, less than 5% of the 
samples can exceed the mandatory llmlt 

The difficulty 1n asslgnlng a slngle Indicator threshold for water qual~ty IS that the indicator 
organisms survlve differently In different envlronments freshwater versus saltwater, sediment 
versus overlying water, temperate versus troplcal climate, etc Furthermore, the health rrsk 1s 
related to the use to whlch the water wlll be put The clearest and most cr~tical standards are for 
dr~nhing water Potable water standards were the first to be developed as they had a clear and 
demonstrable relat~on to human health rlsks through pathogens associated with sewage 
contamlnatlon Gwen the severe health consequences (e g , typho~d, cholera, etc ) of drlnk~ng 
sewage contammated drlnklng water, the generally accepted standard is a total col~form 
concentratlon of 1 co1/100 m The criterion was developed based on the general ratlo of pathogenic 
bacterla to col~forms In wastemater of 1 1,000,000, and vlrus to collform ratlo of 1 100,000 Since 
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pathogens generally decrease at simllar or greater rates than coilform bacterla In the environment, 
the standard provides a significant level of statistical safety 

Indicator standards for swlmmrng, bathing and other water-based recreation have been much more 
difficult to determine than for potable water and are st111 be~ng rev~sed and ~mproved Unl~ke 
d~seases assoc~ated w~th drlnklng sewage-contammated water, diseases stemm~ng from contact 
exposures to contaminated waters such as through bathing or swimmlng tend to be minor and require 
no treatment or respond readily to treatment The most common contact Illness is gastroenterltls 
whlch occurs In a variety of forms and is produced from a variety of v~ruses The symptoms are 
nausea, vomiting, stomachache, diarrhea, headache and fever Other mlnor illnesses associated with 
swimming are lnfections of the skin, ear, eye, nose and throat Contact w~th highly contammated 
waters can result in the contraction of diseases associated w~th drlnking water such as dysentery, 
hepatitis, cholera and typhold fever (USEPA, 1997, West, 1991, Table 2- 1) Fortunately, there is 
no evldence that the HIV vlrus can be transm~tted by dr~nking water (R~ggs, 1989) or Improper 
sewage dlsposal (Slade et a1 , 1989) 

Table 2-1 
Potential illnesses associated w ~ t h  swimmlng in sewage contaminated waters 

The common illnesses associated with swimmlng are gastroenter~t~s, fevers, nausea and 
infect~ons of the sk~n, eye, ear, nose and throat 

I SaImoneIla spp I Enterlc fevers, gastroenterltls I 

E Cull 

SalnzonelIa typhr 

I ShigeNa dysenterrae ( Bacterial dysentery I 

Gastroenterit~s 

Typhoid fever 

I VibrrochoIera 1 Cholera I 

I Adenovrno I Respiratory and gastrointest~nal infections I 
Nor walk vrrus Gastroenter~t~s 
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Epidem~olog~cal studles of waterborne viral gastroenterltls and hepatitis have consistently been 
shown to be assoclated with faecal lndlcator bacterla However, extension of the collform indlcators 
from potable water to recreational waters has frequently not y~elded good results and the USEPA 
has rejected total coliforms standards for contact waters as an inaccurate indicator Moreover, 
current lnternat~onal standards were derlved In temperate waters and probably can only be applled 
to a limited extent for tropical waters (McNelll, 199 1) 

The current use of faecal collform levels to gauge the sultablllty of waters for recreation and other 
contact actlvltles stems from the potable water studies and from freshwater contact epldemlologlcal 
lnvestigatlons relating illness to total and faecal coliform levels These lnvestlgations determine that 
400 co1/100 ml of faecal collform was the threshold for risk, therefore, for added safety a level of 
200 co1/100 ml was put forward (FWPCA, 1968) Over the years, studles have frequently not 
ylelded clear results to support the use of total or faecal collforms for bathlng beaches (cf NcNe~ll, 
1991) However, faecal collforms have been shown, for example, to be a useful ind~cator of recent 
sewage pollution and assoclated pathogens In a study In the troplcal marlne waters of B r a d  (35°C) 
Also, based on recent US studles, the USEPA has determined that In marlne waters gulded by the 
faecal collform standard of 200 co1/100 ml, there IS a previously unacknowledged risk of 15 
gastrointestinal illnesses per 1000 swlmmers (6 per 1000 In freshwater) (McNeill, 199 1) 

While col~forms are st111 accepted as good ind~cators for pathogens in drinklng water and some 
freshwater contact restriction, standards for swlmmlng (primary contact recreation) are starting to 
shift to other indicator organisms, most commonly enterococcus and E Colz, part~cularly for marine 
waters Enterococcus 1s among the best documented of these 'new' ~ndicator organisms The 
growing acceptance of enterococcus as a sewage pathogen lndlcator stems from ~ t s  strong 
ep~demiologlcal basis Starting In the mld-1970s, a serles of stud~es (e g , Cabelli et a1 , 1982) were 
conducted at marlne beaches in the Unlted States These studies ~ndlcated a direct h e a r  relationsh~p 
between the frequency of gastro~ntest~nal illnesses In swimmers and the level of enterococci In the 
waters Moreover, the level of enterococci assoc~ated wlth swimmer illness was low (approximately 
10 Ent/100 ml) These lnlt~al studles also evaluated faecal collform lndlcators and found l~ttle 
relationship to health rlsk as d ~ d  subsequent studles of bathlng beaches In England (Flelsher et a1 , 
1993) These studies support the contention that total collform and faecal col~form levels are llmlted 
lndlcators of gastroenterltls rlsk In some marlne environments 

Continuing lnvestlgatlon of the predictability of indicators for sewage assoclated pathogens 1s 
addlng support for a shift to enterococcus (or at least perlod~c dual measurement of faecal collform 
and enterococcus) Recently, a large epidem~ologlcal study was conducted In the warm marine 
waters of southern Callfornla Thls study of Illness related to swlmming In warm ocean waters 
contaminated by urban-runoff IS potentially relevant to Jamalca The study lnvolved over 15,000 
pre- and 13,000 post- beach-use epldemlologlcal lntervlews The data lnd~cated that swlmming near 
the discharge from a storm-dram resulted In a 50 percent greater lncldence of minor illnesses than 
swimming more than 400 meters away (Halle, 1996) The water was tested for faecal collform, 
enterococcus, E Colz, and enterlc vlruses The study showed also that microb~al indlcators are 
useful for determlnlng exposure to pathogens 
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The apparent utillty of enterococcus as an lnd~cator and the findlng of an only llmlted relatlonsh~p 
between faecal col~form levels and lllness from swlmming exposure has resulted In the promotion 
by the USEPA of new water quality standards for marlne waters For saltwater, 5 samples over a 
30 day perlod shall not exceed a geometric mean of 35 Ent1100 ml, for freshwater, the mean is 33 
EntI100 ml However, no single sample should exceed 104 End100 ml for saltwater (61 End100 
ml for freshwater) withln a designated bathlng beach, 158 End100 ml for saltwater (89 End1 00 ml 
for freshwater) for moderate to full contact recreatlon, 276 Ent.1100 ml for saltwater (108 Ent/lOO/ml 
for freshwater) for llght use bathmg, or 500 End100 ml for saltwater (1 5 1 End100 ml for freshwater) 
for low contact recreatlon In addltlon, the results from enterococcus stud~es Indicate the need for 
envlronmental conslderatlons, such as mlxed salln~ty estuar~es llke Negrll Rlver, dlfferentlal 
lndlcator survlval in storm drams, etc ) not just water use In determlnlng water quallty standards 
It appears that at the same lndlcator level in recreatlonal waters the illness rate for marrne water was 
3 t~mes  hlgher than In the freshwater system (McNelll, 1991) 

The use of enterococcus as the lnd~cator of cholce for recreatlonal water uses has been slow to 
become established partly because rt requlres different protocols than faecal coliform whrch have 
good utlllty In consumptive water uses For example, the enterococcus measurement requrres an 
lncubat~on tlme of 48 hours rather than 24 hours for faecal col~form The added tlme makes rap~d 
response to changlng envlronrnental cond~tlons difficult 

2 3 Ind~cators used In the Study 

Faecal collform was used as the maln lndlcator In our study Faecal coliform IS stdl a good Indicator 
for speclfic sltuatlons For example, faecal collform IS a good tracer for sewage Slnce all four 
studled beaches recelve sewage water to some extent, faecal collform was Important for ~dentlfylng 
the sources for contamlnatlon and for traclng the transport path of collform-laden freshwater rlvers 
upon entry Into the ocean In addrt~on, faecal collform IS still commonly used worldwide lncludlng 
rn the Unlted States The large amount of data from waters of other coastal areas allow for 
rntercompar~sons, enterococcus is not yet wrdely used In our study, faecal colrform results were 
compared to USEPA standard from 1986 Thls standard consists of a faecal collform concentration 
(geometric mean) of 200 co1/100 ml w~th  no more than 10% of the samples exceeding 400 col/l00 
ml 

Howeker, srmultaneous analyses were also conducted durlng our study for enterococcus The tests 
were runs on approwmately one quarter of the rdentlcal samples that were analyzed by our field 
laboratory for faecal collform The enterococcus analyses were conducted outslde of the Terms of 
Reference for this study, but were conducted because the setup of the project provlded an excellent 
and rare opportunity for lntercomparrson between the two rnd~cators on a slgnrficant number of 
samples At this stage, the data st111 need to be synthesized and compared to the faecal collform 
results The comparison should prove to be useful as an additional assessment of health r~sks at the 
four lnvestlgated beaches It should also be useful for the NRCA for the development of recreational 
water quallty standards for Jamalca 
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3.1 Sampling 

3 1 1 Snmplrng Events 

Each beach was sampled durlng four perlods In the fall of 1997 

SampIrng Event 1 (Reconna~ssance, August 26 to 29) This sampllng event was conducted for 
reconnaissance purposes Each beach was sampled once (Montego Bay, Negnl) or twlce (Ocho 
Rlos) to obtaln baseline data for the understanding of the range of concentratlons and potentlal 
number of stations required to properly character~ze each site Thls information was then used 
to develop a more detalled sampllng strategy and to define the analytical and laboratory 
requirements for follow-up sampling events 

Sanlpling Event 2 (Septembe~ 28 to October 3) One week sampl~ng event wlth daily sampl~ng 

San2pllng Event 3 (Octobet 26 to Novenrbe~ 3) One week sampl~ng event wlth daily sampllng 

Sanpl~ng Event 4 (Decenlber 7 to I2) One week sampllng event wlth daily sampllng 

At each beach area, samples were collected at several different locations (referred to as "stations") 
These statlons were located along the beaches as well as in the areas surrounding the beaches to try 
to relate the concentratlons at the beaches to potentlal faecal collform sources In addltion to the 
coastal stat~ons, water samples were collected from potent~al polnt sources for faecal collform In 
order to better understand what IS controlling coliform levels at each beach These polnt sources 
~ncluded the Turtle Rlver and Sallor Hole Rlver (Ocho R~os), the North Gully (Montego Bay), and 
the South Negrll Rlver (Negril) The number of sampllng statlons was modlfied to varylng degrees 
after each sampling event, specifically after the first event During the more Intensive Events 2 to 
4, most of the stat~ons were sampled regularly, addit~onal stat~ons were added intermittently for 
purposes of further reconnalssance Station locat~ons for each s ~ t e  are llsted In Flgures 1-2 (Ocho 
Rlos), 1-3 (Montego Bay) and 1-4 (Negr~l) 

3 1 3 Snmplrrzg Frequency 

The sampling frequency vaned for the d~fferent beaches Durlng the lntenslve Events 2 to 4, every 
beach was sampled at least four t~mes In Ocho RIOS, samples were collected most frequently due 
to the comparatively hlgher varlab~lity in col~form supply and the proximity of the slte to our field 
laboratory Twice-dally sampllng was typically conducted at the Ocho R ~ o s  and Montego Bay 
beaches T h ~ s  high frequency of sampllng allowed for an evaluation of the short-term varlatlon in 
faecal col~form levels resulting from d~fferential inputs and d~fferent~al d~e-off rates of collform 
bacter~a day versus night In addlt~on, the high frequency of sampling provided the needed 
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resolution of effects of short-term raln events The frequency of sampling and analysis in our 
laboratory (Figures 3-1 to 3-8) IS presented In Table 3-1 The total number of samples that were 
analyzed In this study IS listed in Table 3-2 

3 1 4 Smlplzng Procedure 

Samples were collected from a water depth of 20 cm In pre-ster~llzed bottles Thls depth was deep 
enough to avoid any effects of floating matter on the water, yet shallow enough to be representatlve 
of the depth for potential Ingestion of water by swlmmers Samples were collected by lowering the 
open sampling bottle upside down into the water column and then rotatlng the bottle In the direction 
of flow at the depth of 20 cm to fill it For duplicate samples, two bottles were held In the same hand 
to allow them to fill simultaneously (Flgure 3-1) A head space was left in the bottle to allow mixing 
by shaking prior to analysls Sampllng at each beach lasted between 30 and 60 minutes, sampling 
times reported in the data tables (Attacl~ments A to C) reflect the time In the mlddle of this period 

After sampling, the samples were placed into a dark cooler without Ice lf the analysis was to beg~n 
wlthin 1 hour after collection, and wlth Ice to malntaln a temperature of 4 to 10°C for longer holding 
times Samples were then transported to a laboratory wlthln 6 hours whlch is the recommended tlme 
between sampllng and analysls (1 e , "holdlng tlme") as specified by the U S Environmental 
Protection Agency (USEPA) Each batch of samples was delivered to the laboratory with a Chain 
of Custody form (F~gure 3-2) 

3 2 Laboratory Analyses 

The maln constraints for the analytical analyses were as follows 

High quality analyses uslng standard approaches with USEPA approved methodolog~es 
High level of quallty control, both Internally and through an outside laboratory 
Capability to run more than 80 samples per day ~f necessary, in order to be able to capture the 
variabil~tj of faecal coliform coilcentrations both In terms of space an tlme 
Capablllty for sample collect~on and analysls 24 hours a day ~f needed in order to be able to test 
for conditions after rain 
Proximity to the project locatlon 

3 2 I Field Laboratory 

Given these llmltlng requirements, we agreed wlth USAID to set up a field laboratory in Ocho Rlos 
for the project The laboratory is fully capable of analyzing faecal coliform by the Membrane 
F~ltration Method (Method No 9222D, Standard Methods, 19th ed ) The method IS approved by 
the USEPA and is the most common approach for monitoring pathogen contamination on marlne 
beaches In the United States The capablllty of the field laboratory was equal to a state-of-the-art 
permanent laboratory Laboratory procedures complied wlth USEPA procedures and protocols The 
laboratory was assembled and operated by evperlenced microbiolog~sts in our team An overview 
of some of the components of the laboratory are presented In Flgures 3-3 to 3-8 The components 
of the laboratory were either purchased or rented for the study 
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-- 
Figure 3-1 Water samplmg m coastal waters for faecal col~form analyses Samples were collected fiom a water depth 

of 20 cm Here, duplicate samples are collected by Mrs Paulette Brown from the Natural Resources 
Conservation Authority (NRCA), as part of a laboratory lntercal~bration effort conducted also durlng this study 

-- 

F~gure 3-2 Samples collected from a smgle day of sampling (here Ocho R~os,  December 1 1) At each beach and on 
each day, samples were collected at several stations withln the area as part of an effort to understand the 
col~form sources and the variab~l~ty m collform distribution 
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Flgure 3-3 Samples were analyzed for faecal collforrn by a field laboratory set up m Ocho h o s  for the study The 
laboratory used the U S  EPA approved Membrane Filtrat~on Technique, performed by experienced 
m~crob~olog~sts on our team Quality control procedures were the same as for a permanent laboratory Shown 
here 1s Dr Br~an Howes operating the sample filtration system 

F ~ g u r e  3-4 The field laboratory had the capab~lity to analyze approx~mately 80 samples per day Shown here are 
approximately half of the samples that were analyzed during Sampling Event 4 by our laboratory 

---- 
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Figure 3-5 One of the four incubators used for different aspects of the sample analyses The shown Incubator was used 
for the identification of the types of coliform bacteria on the sample plates 

Figure 3-6 The lncubator on this photograph was used for analyses to confirm that bacter~a on the sample plates were 
indeed coliform bacteria, as another one the our quality control steps 
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F~gure 3-7 Plates with faecal coliform bacteria after 24 hours of incubation For each sample two or more plates were 
prepared with different levels of diluaon The top row represents undiluted samples, the second row represents 
a 10-fold dllution of the sample, the third row (Statlon OR-22 only) represents a 100-fold dllution The 
concentration of coliform colonies on each filter decreases proportionately 

F~gure 3-8 The faecal col~form colonles on each plate were counted under the microscope by Mr Brian Connolly from 
our team 

Louis Berger Inter natlonal Inc Page 3-6 
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Table 3-1 
Faecal Col~form Levels In Coastal Water In Jamalca 

Sample Collect~on Periods per S ~ t e  

Monday 

am .pm 

Sarnpl~ng Event I (Reconnatssance) Aug 26 to 29 

Tuesday 

am ,pm 

Sarnpl~ng Event 2 Sept 28 to Oct 3 

Saturday 
am pm 

Wednesda Thursday 
am ,pm am pm 

Ocho Rlos 
Montego Bay 
Negrll 

Ocho RIDS 
Montego Bay 
Negrll 

Sampllng Event 3 Oct 26 to Nov 1 

- 

Key Marks that samples were collected durlng thls per~od 
A small dot lndlcates that only a few key statlons were sampled 

0. Two dots mark two sampllng perlods rn the mornlng or afternoon respectively 

Frlday 

am .pm 

• 

Sarnpllng Event 4 Dee 7 to 12 

Table 3 2 
Faecal Col~form Levels in Coastal Water in Jarnalca 

' 

I 

Number of Sample Analyses 

• 

Ocho Rlos 
Montego Bay 
Negrll 

Ocho Rlos 
Montego Bay 
Negrll 

. . . . . . . . . . . .  
. @ e m  

. . . . . . . . . . .  
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. . . . . .  

e e e  

• 
• 

• 
• 

Sampl~ng 
Event No 

Negr~l 

• 

3 
UI 
L 

All 
S~tes 

Event 1 

Event 2 
Event 3 
Event 4 

Sum 

- 
C 
2 
U1 

Analyses by Laboratory 

Ocho R~os 

- 
c 

Montego Bay 

- = - $  
m 

IU 
Q Q 

$ 
Q 

B $ Ei 

ca 

m 
CI 
0 

I- 

Analyses by Laboratory - 

73 

398 

425 

362 

1,258 

Analyses by Laboratory - 

52 

274 

257 

168 

751 

20 32 
216 38 10 10 

185 52 10 10 

152 16 

553, 126 20, 52 

9 

64 

68 

68 

209 

9 
45 19 
50 18 

53 8 7 

1 4 8  5 4  7 0 

12 

60 

100 

126 

298 

12 
36 24 
69 31 
94 25 7 

199, 92 7 01 
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The primary laboratory components include the filtratlon and sterlllzatron station, hlghly stable 
incubators, counting station and confirmation statlon The filtration statlon consisted of a 6 port 
vacuum filtratlon manifold with glass 47 mm towers The UV sterilizer was keyed to the manifold 
allowlng complete steril~zation of all towers In 2 minutes Required incubators ~ncluded a large 
capacity water bath for filterlplate incubations and a smaller incubator (2 temperature block 
Incubator) for the confirmations Sample counting requlres a stereo microscope wlth fluorescent 
ring and hand counter The confirmation station consisted of the 2 channel Incubator and the sterlle 
transfer supplies for the gas generation method 

Upon return of samples to the laboratory, analysis began immediately as samples were logged in via 
cham of custody Samples were vigorously shaken at least 30 times before sub-samples were 
withdrawn for filtration or dilution The faecal coliform method used type HC filters (M~llipore) 
which is specifically deslgned to improve recovery of stressed faecal coliform organisms (hence 
better accuracy) compared to the frequently used type HA filters (Sladek et a1 , 1975) All 
glassware was W sterilized immed~ately before each use and forceps were flame-ster~llzed After 
filtration the filters were immediately transferred to the mFC agar plates (with Rosalic Acid), placed 
Into sterlle bags and put into the waterbath at 44 5°C withln 15 minutes All incubations were for 
24+2 hours Filters were all counted immed~ately upon removal from the incubator using a stereo 
microscope with a fluorescent illuminator The dilution which yielded faecal coliform counts of 
between 20-80 on a filter was the one chosen as representing the best estlmate for a sample Good 
agreement was achleved between dilutions for those samples with countable filters at multiple 
dilution levels (Attachment D) Plates with moderate to high numbers of non-faecal bacter~a were 
not used In the few samples where plates at the greatest dilution level contalned more than 100 
faecal coliform colonles a speclal evaluation was conducted as to the validity of the data and whether 
the faecal col~form concentrations should be reported as greater than #co1/100 ml Samples with 
high sediment loads were not encountered and all filters showed good dlstributlon of colonies (1 e , 
no clumping) Faecal collform confinnation tests using the gas production approach whlch was 
applied throughout the study Visually ldentlfied colonles were incubated sequentially In lauryl 
tryptose broth and EC media and gas production were evaluated 

In additlon to the samples analyzed by our team, duplicate samples were regularly analyzed by the 
National Water Commission (NWC) laboratory in Bogue Selected samples were also analyzed by 
the Kolbusch and Partners laboratory In Klngston and by the laboratory of the Natural Resources 
Conservation Authority (NRCA) as part of a prellmlnary laboratory intercalibration exerclse 

A total of 1,258 samples were analyzed for faecal coliform durlng this project (Table 3-2) Of these, 
900 samples were analyzed in a field laboratory that was set up in Ocho Rlos by our team, 272 
samples were analyzed by the NWC laboratory in Bogue, 34 samples were analyzed by NRCA, and 
52 samples were analyzed by Kolbusch & Partners, Ltd Berger, NWC, and Kolbusch used the 
Membrane Flltratlon Method for sample analysls The NRCA lab and the NWC lab (for 5 additional 
samples only) used the Multlple Tube Fermentation Method for sample analysis 
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3 2 2 Quabty Control 

In the laboratory, laboratory dupl~cates and blanks were run on a routlne basls follow~ng standard 
USEPA approved practices In addlt~on, of the 900 samples analyzed by our field laboratory, 55 
samples (6%) were field duplicates The laboratory personnel did not know the orlgln of the 
sampl~ng station prlor to analysis 'The concentratlons m the dupllcate samples closely matched the 
concentratlons in the o r ~ g ~ n a l  samples (Attachment D) A total of 272 samples were analyzed by 
the NWC laboratory Of these samples, 15 samples were field duplicates 

The results of these blind dupllcate QA samples lndlcate a h ~ g h  degree of precls~on Of the 54 paws 
of samples analyzed by Berger (one sample from Event 4 was not Included for QA reasons), the 
average dlfference was about 10% (Attachment D) The precision of the analyses IS further assessed 
from the h e a r  regresslon of the dupllcates from all of the sampllng events The data were clearly 
d~rectly related (slope=l 02) and showed l~ttle dlfference between palred samples (?=O 98) 
Slmllarly, the duplicates analyzed by the NWC laboratory in Bogue showed only sl~ghtly more 
var~able results However, glven the lower number of dupl~cates, the h e a r  regresslon coefficient 
showed excellent repl~catlon (r'=O 87 wlth a slope of 1 06) The two other laboratories in Jama~ca 
had ~nsufficient field dupl~cates to evaluate precision All of these analyses support the conclus~on 
that the data were highly reproducible and that the method showed little varlab~lity In the analysis 
of natural samples by the same laboratory For the detalled QAIQC evaluation of the project data 
set see Attachment D 

3 3 Laboratory Intercal~brat~on 

In collaborat~on w ~ t h  the NRCA, a laboratory ~ntercal~bratlon exerclse was Integrated Into the project 
for Sampling Events 2 to 4 Integration lnto our programme was simple glven our spec~fic setup 
Members from NRCA part~c~pated In the sample collection (Flgure 3-1) Part~clpatlng laboratorles 
were the NWC, NRCA, Kolbusch, and Berger's field laboratory Duplicate samples at selected 
statlons for the different laboratorles were collected at the same tlme by holdlng the appropriate 
number of bottles In one or several hands The bottles were all adjacent to each other and were 
dlpped lnto the water at the same tlme 

Samples were placed into separate coolers and were cooled with Ice dur~ng thelr transport to the 
respectwe laboratorles Samples were analyzed w~thln holdlng time requ~rements A total of 34 
samples were analyzed by the different laboratorles as part of the laboratory ~ntercal~bratlon 
exerclse For results of the effort, see Attachment E 

3 4 Rainfall 

Ram gauges were deployed In Ocho Rlos and In Montego Bay Ram lnformatlon for Negrll was 
k~ndly made available by the Meteorological Office, the gage IS located at the South Negrll 
Lighthouse In addition, the Meteorolog~cal Office also provlded long-term ram ~nformat~on for 
Montego Bay (Statlon at the Sangster Internatlonal Airport) and the mountains south of Ocho R ~ o s  
(Cole Gate - 6 hm south of Ocho RIOS) 
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3 5 Freshwater Flow Rates 

Flow measurements were made for the rlvers at the three sltes In Ocho Rlos, the flow was 
estimated for Turtle Rlver and Sailor Hole Rlver, as well as for the Fern Gully Dralnage Channel 
For Montego Bay, the flow In North Gully was est~mated No flow measurements were gathered 
from Negril, slnce the rlver 1s tidal the net freshwater Inflow Into the open ocean 1s more complex 
and requlres a more detalled survey 

Sediment cores were collected In the western Ocho R ~ o s  Bay and from the area surround~ng the end 
of the plpe In the eastern Ocho R ~ o s  Bay A total of 10 und~sturbed cores were collected by a local 
dlver The upper 1 cm of the cores was carefully sectioned off and analyzed for clostrrdia spores 
The data are st111 belng rev~ewed and will be presented In a future report 

3 7 Enterococcus 

A subset of the samples from each beach were analyzed for both enterococcus and faecal col~forms 
Thls was done to provlde insight Into the development of water qual~ty standards for these systems 
The data from the approximately 200 samples 1s st111 be~ng  rev~ewed and wlll be presented in a 
future report However, preliminary lnspectlon of the results suggests that a relationsh~p between 
faecal collform and enterococcus levels exlsts at some of the more contammated marlne locat~ons 
wh~ch suggests that faecal collforms are llkely good lndlcators at these sltes 
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OCHO NOS - Sailor Hole Beach and Turtle Beach 

4 1 Overview 

The two beaches are located In the Ocho Rlos Bay This bay consists of an eastern and western part 
(F~gures 4-1 and 4-2) The two parts are d~vided by port fac~lit~es for cruise shlps Typ~cally, there 
are one or two crulse shlps In Ocho Rios durlng several days of the week Other port facllltles 
surround~ng the bay are a sugar holdlng tank and a bauxite loading fac~lity to the west 

Sa~lor Hole Beach is located along the western Ocho Rios Bay The beach conslsts of a public 
sw~mmlng beach to the east (F~gure 4-3) and a beach sect~on to the west in front of a small fish~ng 
commun~ty (F~gure 4-4) Two rlvers discharge Into the western Ocho R ~ o s  Bay the Turtle River 
and the smaller Sallor Hole R~ver (Flgures 4-5 and 4-6) These rlvers are In part fed by groundwater 
and therefore flow cont~nuously throughout the year 

Turtle Beach 1s surrounded by the Town of Ocho R ~ o s  and several res~dentlal and hotel 
developments The largest hotel IS the Jama~ca Grande Hotel (F~gure 4-7) The beach area IS 

fenced Access is available free of charge to vlsitors and residents of abutt~ng developments 
Access IS also ava~lable for a fee (J$30) for any other resident or vls~tor at a gate near the center of 
the beach The beach IS actlvelq used for recreational purposes (Figure 4-8) Boats are moored on 
elther slde of the eastern bay, as well as along a pler ~n the central part of the bay 

The maln sources for faecal collform to the bay appears to be a plpe underneath the small boat pler 
Other potentla1 sources conslst of a second stormwater dralnage plpe In the v~clnlty of the Turtle 
Towers, crulse shlps ( ~ f  the) illegally discharge wastewater) (Flgure 4-9), and potent~ally the Fern 
Gully Dramage Channel durlng large storms (Figure 4-10) 

4 2 Data 

Ram ~nformat~on for the study per~od IS summarized In Tables 4-la to 4-1 b Samples for faecal 
collform analyses were collected ma~nly dur~ng dry weather condit~ons Dur~ng the sampl~ng events, 
raln fell In the Town of Ocho R ~ o s  only on October 2 (Table 4-lb) On December 7, rain fell In the 
mountains south of Ocho Rlos but not In the town ~tself, the rain affected the western Ocho Rlos Bay 
through the Turtle Rlver watershed, but not the eastern Ocho Rlos Bay 

4 2 2 FZo w Rates 

Dur~ng dry weather condlt~ons, the flow rates of the Turtle River was comparat~vely constant wlth 
an average of 0 57 m'lsec (20 cubic feet per second [cfs]) The flow rate of the Sador Hole Rlver 
was also constant w ~ t h  approximately 0 20 m'/sec (7 cfs) 
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Figure 4-3 Sailor Hole Beach looklng to the east The mouth of the Sailor Hole Rlver is located just beyond the 
fishing boats 

F~gure 4-4 Sallor Hole Beach looklng to the west, from the mouth of Turtle River The beach IS used actlvely by 
malnly local residents for bathlng at all tlmes of the week 
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F ~ g u r e  4-5 Turtle R~ver  20 m from ~ t s  
mouth looklng upstream The rlver 
flows cont~nuously belng fed in large 
part bv groundwater sprlngs The 
average flow rate was approx~mately 0 57 
m3/sec (20 cublc feet per second) Turtle 
Rlver IS the maln source of faecal 
col~form to the Western Ocho R ~ o s  Bay 
and the Sador Hole Beach 

F~gure  4-6 Sallor Hole h v e r  100 m from ~ t s  
mouth looking downstream from Maln 
Street Faecal col~form concentratlons 
are h ~ g h  but not as h ~ g h  as In Turtle 
R ~ c e r  The rne r  1s also partlv fed by 
groundwater sprlngs One of the springs 
(foreground) IS used b\ the small fishing 
~ommunltv for bathlng and laundrq The 
faecal col~form concentratlons were very 
low or absent in the sprlng water during 
drv weather cond~tions suffic~ent wet 
weather data are not vet ava~lable 
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Figure 4-7 Eastern Ocho RIOS Bay (lookmg to the east) w ~ t h  Turtle Beach and the two towers of the Jamaica Grande 
Hotel 

Figure 4-8 Turtle Beach The beach IS used act~vely for recreational purposes by local res~dents and tourlsts 
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Table 4-la 

Rainfall - 6 km south of Ocho Ros, 1997 (in mm) 
(Locat~on Cole Gate, Fern Gully) 

Stati5t1cs for the j e a r  

Total Rainfall 1 078 mm 
Number of rain days 89 (without TR) 
Hlghest rainfall volume in a day 104 mm 

Day 

1 
2 

3 
4 

5 
6 
7 

8 - 
9 
10 

- 
11 

-- 12 
13 

- 

14 -- 

- 15 
- 

16 -- 
17 ---- 
18 
19 

- -- 
20 
21 

- - - -- - - - 
22 
23 

-- -- 
24 - - 
25 
26 

- -- 
27 

- 
28 
29 
30 
3 1 

Sum 
No of daqs 

(Values represent rainfall between 9 00 am of the recorded day and 9 00 am 
of the next day TR (I e trace) represents ralnfall of less than 0 1 mm ) 

Jan Feb March Apnl May June July Aug Sept Oct Nov Dec 

4 1 3 3 1 0  ------------ 
9 7 ------------ 

0 8  2 3  2 8  864  4 8  5 6  6 4 ------------ 
104 1 15 0 ----------- 

5 3 2 0 17 5 13 2 
--p-ppp----- 

8 6 0 5 1 0  ------ - --,- ___ ,-___L__ ___C_-.- 
2 3 3 6 178 287 122 - - - - ~ - - ~ ~ ~ ~ - ~  

-- TR 3 1 1 3  ------------ 
TR 10 7 3 6 ----------- 

8 6 9 7 
5 1 20 3 117  3 1  

-- -- ---- ----..--- - 
4 1 6 6 17 5 

-- ----- -- p--p--ppp -- -- 
5 6  4 6  

-- -- -- -- 81 0 ---- 3-- P ------- .- 
1 8  164  158 --------- 

-- .- .- - - -- 17 5 8 4 ------ ---- 
4 8 1 5  ---- - -- -------- 

2 3  203 28 2 
-- -pp-----p-7-.p - -.----- 

2 8 TR 17 3 -- - ----L-----L-- 

1 5  8 6  5 3 5 1 3 3  102 - - -- - - - - -- - - -- - - - 
137 2 8  6 9  307  1 3  
2 0  2 7 9  2 1 1 8  - - -- - - - - - - - - - - - - - -- - - -- - - 
1 0  8 1  6 1 5 8 41 1 -- - -- - - - - - - .- - - 

2 0  320  11 9 14 2 - - ------------ 
8 1 

. - - - - - - - - - - - - - 3 6 ----------- - 
8 1 5 3 ------ 

15 2 1 3  - --- -- pppp - - -- 
8 4 12 2 -- 

2 5 ---- -------------- 

-- - - - - - -------- --- 
4 1 70 6 0 5 

36 8 93 7 123 2 34 2 70 6 237 2 18 6 21 6 49 7 207 2 134 6 50 5 - - - - ~ - - ~ ~ - - ~ - ~ ~ ~ ~ ~ - ~ ~  
8 15 14 3 1 6 7 4 4 12 9 6 

Source Meteorologrcal Ofice Krngston and Mr Drqton Oclzo Rlos 

no data > et 
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Table 4-1 b 

Rainfall m Ocho RIOS, 1997 ( ~ n  mm) 
(Location Comfort Suites Hotel) 

no data 

Day 

(Values represent ralnfall between 0 OOh and 24 OOh of the same day 
TR represents trace amounts of ram that d ~ d  not result m any readings by the gage 

Jan Feb March Apnl May June July Aug Sept Oct Nov Dec 

Source Rarn gage of Lours Berger International Inc 
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1 -_____ - 
2 
3 
4 
-- 

5 
6 - - 

7 ---__ 
8 

-*-- - 

9 -- 
10 

4 f f 5 3 3 3 
> 15 7 - - - - -, -- ,- -- ,---- -2.. ----- L ---- €..-.---{--- -L .-.- 

E a f 3. 3 3 3 ' 
- . . - - w - ~ "  224  -- 

h f 8.. i 3 3 3 > 
--*___-,, ~---"-~Ewx~wA - 1  

2 0 
3 3 3 > A ,-,,- %-A , A  ,k - a & V - Y & U - . % " * - < A u ~  <*IYU A%.. ' 0 7 

.c 3 -  
i i 3 1 - - -  - - -  I ---- --i--- I---- 

:- -! '"- "">"-- -  
< -- - - c- - - -t - - - - 9 8 

4 3 1 j p - , . + - - L L d -  
c , " , , , , " ~ - - € - - - - 7 ~ ~ ~  

L & & . . . .  A % L 3 7 3 p ' -  
E E T--T 

,, ,L, ,,g , , f 3, 4 - 3 ,  ,,..~,,,,,,',,,-- 5-, ,-, -, 
f t f 7-- 

L - - I -- I % --I -i- ---- 3.- - - - I  A - -'- -_-- )  - -  I--- 
c +. 

( c c t t .f 
r > > > 3 1 6  a 2 

11 - 
12 

- --  

13 
- 

14 

15 
-- ---  

< f f f f 3 
,~€~.....i..~?---~~uuu--- --- 

< f f E € 3 
3 

0 33 .. f A  -$.. ..- ,. ..A p-, A S , , .  &u..'-- - A >  ..+A ------ -- --- 
( < E E t r 0 31 

-% - f -3 - 1. - -> - ,..- ---, -- - - - ,- - - - - -- 
! 5 I t 3 F 

- 

,rv n*n ?, A.rxnrA.- E r a-- 7 f  - ----- 
*-".",..A 

E f A T  I. y.w-*y"--"i.-........f4- 7 

16 < 
- - 

17 H--'- - -- 
I S  

- -- 

19 
-- 

20 
2 1 
- - 

22 
- xxxn~~>.,..-.. nn- t----'--l-f-3 --- 

23 t I I 3 3 3 > > 
-- ..,...,.",.XU I *C.--.,.- --IC.CIIW- 

24 
- 

I r' 3 3 3 3 -.. A A " ( *  -*. < Y * *  

' 
25 

- - --- 

26 
- - 

27 
-- - 

28 
- -- 

29 
- -  €- 

30 
3 1 

Sum - -- 203 0 
- - ---- ---- ----- -- 
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Flow rates for the Turtle R~ver  dur~ng the ralnstorm on October 2 are not ava~lable Stormwater 
discharge was also not observed In the Fern Gully Dralnage Channel, the discharge rate dur~ng dry 
weather was approx~mately 0 03 m'lsec (1 cfs) 

4 2 3 Faecal Colrform 

Data and stat~stical averages for each sampllng event are presented In Attachment A, a summary of 
the data IS presented In Table 4-2 and Ftgures 4-1 1 to 4-13 

Turtle Rrver Durlng dry weather, faecal collform concentrat~ons In the river ranged between 1,400 
and 44,000 co1/100 ml w ~ t h  a geometric mean of 6,700 co1/100 ml (28 samples) Durlng wet 
weather (Oct 2, one hour after the ralnstorm), the faecal col~form concentration was 194,000 
co1/100 ml Between ~ndlvidual sampl~ng events, the h~ghest concentratlons were measured dur~ng 
Event 3 at the end of October, on average the concentrations were higher by a factor of 5 than the 
concentrat~ons durlng Event 2 one month earller (Attachment A) The reason for the higher 
concentrations is not known but could be related to ram earl~er In the month of October (Table 4- 1 a) 

Sarlor Hole Rrver Faecal col~form concentrat~ons In the rlver ranged between 120 and 3,900 col/l00 
ml durlng dry weather w ~ t h  a geometric mean of 470 ~011100 ml (28 samples) During wet weather 
(Oct 2, one hour after the rainstorm), the faecal coliform concentratlon was 3,500 co1/100 ml The 
h~ghest faecal coliform concentratlon was measured during Event 1 on August 26, thlrty mlnutes 
after the beg~nn~ng of a small ralnstorm (>20,000 ~011100 ml) Even though the ra~nstorm was short, 
~t appeared to generate suffic~ent stormwater runoff The average faecal coliform concentrations 
between different sampllng events d ~ d  not dlffer substant~ally, which is probably a reflect~on of the 
steady supply of groundwater to the river 

Sarlor Hole Spr rng Faecal col~form concentrations were generally very low, ranglng between 0 and 
20 co1/100 ml In most of the samples One sample had a concentration of 264 co1/100 ml, although 
there 1s no obv~ous explanat~on for t h ~ s  concentratlon other than a one-tlme localized source of 
contamination or analytical error The sample collected one hour after the ralnstorm on October 2 
had a concentration of 20 co1/100 ml Gwen the cons~derable flow rate In the spring, these data 
suggest that faecal col~form enters the Sailor Hole R~ver  further upstream In the watershed This 
suggest~on IS supported by the hlgh faecal col~form concentration measured on October 1 at Stat~on 
OR-30 (5,600 co1/100 ml) 

Fern Gully Drarnage Channel The channel was tested only on October 1, as ~t was never observed 
carrylng stormwater The concentrat~ons In a sample collected near M a ~ n  Street (OR-32) and a 
second sample further upstream (OR-33) were 4,000 and >I 1,000 co1/100 ml, respect~vely 
However, wlthout high flow rates of stormwater runoff, the channel is not a potentla1 source for 
faecal coliform In Ocho Rlos Bay 

Westein Ocho Rros Bay - D ~ J  Weather Faecal col~form concentrat~ons In the western bay ranged 
between 0 and 23,000 co1/100 ml during the four sampllng events Along the Sailor Hole Beach 
(Stat~on OR-1), faecal col~form concentrat~ons ranged between 0 and 890 co1/100 ml during dry 
weather with a geometric mean of 118 ~011100 ml (28 samples) Of all dry weather samples 
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Table 4-2 

Faecal Colrform Concentratrons In Ocho Rros Bay (Statlstrcs) 
Turtle Beach a n d  Sarlor Hole Beach 

SAMPLING EVENTS 2 to 4 September 28 to December 12 1997 

Not avarlable or not appl~cable 

FC ALL97 XLS lffl98 9 21 PM 

Locat~on 
Stat~on 

No 

O R 1  

O R 2  

O R 4  

O R 5  

O R 8  

OR 29 

OR 31 

O R 6  

OR 24 

OR 28 

OR 30 

O R 9  

OR 11 

OR 12 

OR 13 

OR 14 

OR 20 

OR 21 

OR 22 

OR 23 

OR 25 

OR 26 

OR 27 

OR 32 

OR 33 

Sarlor Hole 

Beach 

Turtle R~ver 

Sarlor Hole 

R~ver 

Turtle 

Beach 

Fern Gully 

channel 

20 rn from publlc beach 

25 m from fishermen s beach 

western crulse shlp pler 

eastern cruse shlp pler 

20 m upstream from its mouth 

small tributary 100 m from mouth 

at Da Costa Drlve brtdge 

30 rn upstream from ~ t s  mouth 

spring bathlng area for fishermen 

confluence wlth spring water 

laundry mat discharge basrn 

west near Sand Castles 

east near Rena~ssance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 rn off groln 

entrance to boat harbour 

end of boat pler 

50rn seaward from end of boat pler 

center of boat harbour 

125m seaward from end of boat pler 

eastern end of crulse shlp landlng 

downstream at Marn Street br~dge 

upstream at Shell gas statlon 

Water 
Depth 
(appr 

m) 

1 2  

1 5  

> I 5  

> I 5  

0 3  

0 2  

0 3  

0 2 

0 2 

0 1 

3 0  

2 1  

2 0  

1 0 0  

3 0  

> I 5  

0 05 

0 05 

FAECAL COLIFORM (~011100 ml) (Berger samples only) 
We~ghted 
Geometr~c M I~ I  Max1 

Mean Count mum mum 

Percent of samples 
above 200 above 400 
colllOO ml colllOO ml  

We~ghted 
Geometrrc Mlnl Maxr- 

Mean Count mumn mum 

Dly Weather Only (wrthout ram 

94 28 0 890 

94 28 0 14 800 

178 27 19 6400 

167 27 12 23 000 

6,732 28 1 400 44 000 

5 1 

90 1 

472 28 120 3 900 

2 18 0 264 

170 1 

5 600 1 

I 0  28 0 600 

6 28 0 180 

8 28 0 720 

10 28 0 530 

3 27 0 130 
I 

5 28 0, 540 

23 28 0 270 

105 28 0 17 900 

8 28 0 640 

40 1 

10 23 0 T20 

10 22 0 123 

4 000 1 

11 000 1 

Percent of  samples 
above 200 above 400 
~011100 ml  colllOO rnl 

samples from Oct 2 & 3) 

29% 18% 

25% 25% 

41% 41 % 

37% 33% 

100% 100% 

93% 71% 

6% 6% 

4% 4% 

0% 0% 

11% 11% 

11% , 7% 

0% 0% 

7% 4% 

7% 4% 

32% 32% 

7% 7% 

0% 0% 

0% 0% 

Al l  Weather (mcl ram samples 

118 30 0 8 3 0 0  

106 30 0 14 800 

209 29 19 6 400 

203 29 12 23 000 

7 986 30 1 400 194 000 

5 1 

90 1 

518 30 120 3 900 

3 20 0 264 

170 T 

5 600 1 

12 30 0 600 

7 30 0 1 6 0 0  
I 

9 30 0 720 
I 

12 30 0 530 

3 29 0 130 

7 30 0 2 7 0 0  

27 30 0 4 000 

127 30 0 17 900 

10 30 0 1 2 0 0  

40 1 

13 25 0 680 

14 24 0 610 

4 000 1 

11 000 1 

from Oct 2 &3) 

33% 17% 

30% 17% 

45% 28% 

41% 24% 

100% 100% 

93% 53% 

5% 0% 

3% 3% 

3% 3% 

10% 3% 

17% 7% 

0% 0% 

13% 7% 

10% 3% 

37% 33% 

10% 10% 

4% 4% 

8% 4% 



LEGEND 

STATION f 

S/ STATION LOCATION .--' 
FC CONCENlFATION GEOME7RIC MEAN (co1/100 ml) 

530- FC CONCENTRAllON MAXIMUM (co1/100 ml) 

N O E S  

1 VALUE IN ~ ~ m r n  RWRESW SINGLE U ~ U R ~ C M  
2 BERGDP W Y S E S  ONLY FROM SdNPLlNC 
E M N T S 2 r n I  





LEGEND 

STATION 1 
5/ !5TAnON LOCATION 
/ --.- FC CONCENTRAllON (co1/100 ml) 1 HOUR BEFORE RAINSTORM 

600 - FC CONCENTRATION (co1/100 ml) I HOUR AFTER RAINSTORM 

160 - FC CONCENTRATION (co1/100 ml) 8 HOURS AFTER RAINSTORM 

NOTE 
THE RAINSTORM OCCURRED ON OCTOBER 2 BEWEEN 
21 00 h AND 2 2  30h (RAIN AMOUNT 2 0  mrn) 
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analyzed at Statlon OR-], a total of 29% of the samples exceeded the USEPA standard of 200 
co1/100 ml (Flgure 4-12) The faecal coliform concentratlons at the two statlons further offshore 
(OR-4,5) were generally higher than the concentratlons at the two statlons closer to shore (OR-1,2), 
most likely reflect~ng the movement of the coilform-laden Turtle R~ver  water In the bay 

Eastern Ocho Rros Bay - Dry Weather Faecal coliform concentrations at all stat~ons In the eastern 
bay (except for the Stat~on OR-22, dralnage plpe) ranged between 0 and 720 co1/100 ml dur~ng dry 
weather condltlons wlth geometr~c means between 3 and 23 co1/100 ml(28 samples per stat~on) 
Concentrat~ons withln the entire eastern bay were comparatively s~m~la r ,  reflect~ng l ~ m ~ t e d  exchange 
of water w ~ t h  the open ocean At Station OR-22 at the end of the dralnage plpe, the dry weather 
faecal col~form concentratlons were hlgher by roughly an order of magn~tude, ranging between 0 
and 17,900 co1/100 ml w ~ t h  a geometric mean of 105 co1/100 ml Of all dry weather samples 
analyzed In the eastern bay, between 0% and 1 1 % of the samples exceeded 200 co1/100 ml (Flgure 
4-12) At Statlon OR-22 a total of 32% ofthe dry weather samples exceeded 200 co1/100 ml 

Western and Eastern Ocho Rros Bay - Rarnsfornz on Octobef 2 One hour after the rainstorm in the 
evenlng of October 2, the faecal coliform concentratlons at most statlons were hlgher than one hour 
before the rainstorm by one to two orders of magnltude (Flgure 4-13) The concentrat~ons at most 
statlons greatly exceeded the USEPA standard of 200 co1/100 ml Along Sallor Hole Beach, the 
faecal collform concentration was 8,300 co1/100 ml In the Turtle Beach area, the concentrat~ons 
ranged between 170 and 4,000 co1/100 ml The concentratlons In Turtle R~ver and Sador Hole Rlver 
were well above the maxlmum concentratlons measured dur~ng dry weather conditions Elght hours 
afier the storm, the faecal coliform concentratlons had declined, but were st111 above the mean dry 
weather concentrations Spec~fically, In the western Ocho RIOS Bay area, the faecal collform 
concentratlons st111 exceeded the USEPA standard at all statlons, In the eastern bay, the 
concentratlons were either at or below the USEPA standard wlth the evcept~on of Statlon OR-22 
(end of boat pler) where the concentrat~on was st111 440 co1/100 ml The only notable exception to 
this pattern was Statlon OR-14, located north of the groin of the Jama~ca Grande Hotel The faecal 
col~form concentratlon one hour after the storm had not increased substantially, but was hlgher elght 
hours after the storm The delayed Increase was l~kely caused by the delay In d~ffus~on of water 
from the Fern Gully dralnage channel and from the Ocho RIOS Bay 

4 3 Discussion 

The maln sources for faecal col~form for the western Ocho RIOS Bay IS the Turtle R~ver The second 
source IS the Sallor Hole River Based on the average flow rates for these two rlvers and their 
average faecal collform concentratlons of 8,000 and 520 col/l00 ml, respectively (Table 4-2), the 
Turtle Rlver contr~butes approximately 98% of the faecal coliform load to the western bay, wh~le  
the Sa~lor Hole River contr~butes 2% Addlt~onal collform sources could be groundwater seepage 
In coastal waters, although seepage IS expected to be a minor source to the bay 

The freshwater from the Turtle Rlver spreads throughout the entlre western bay lncludlng the Sallor 
Hole Beach The concentrat~ons at the two stations further offshore were h~gher than the 
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concentratlons of the two nearshore statlon suggesting that the river water fans out after entry Into 
the bay However, the pattern was not consistent 

The dry weather concentrations along the Sador Hole Beach were one thlrd of the tlme above the 
USEPA standard of 200 co1/100 ml The data dld not reveal an obvlous pattern but hlgher dry 
weather concentratlons may exlst after prolonged periods of ram T h ~ s  1s suggested by the generally 
hlgher concentratlons In the rlver and the western bay durlng Events 3 and 4 Heavy rains preceded 
the weeks before Event 3 a rainstorm occurred in the Turtle Rlver watershed on the first day of 
Event 4 It 1s conceivable that a hlgher groundwater table In the watershed results In Increased 
leachlng of col~form sources Assuming that thls reasoning 1s correct, faecal collform concentratlons 
durlng drler months should be lower than during ralnler months 

The wet weather concentrations along the Sallor Hole Beach area were only measured once 
However, glven that the dry weather concentratlons are already close to the USEPA standard, and 
that the measurements durlng the slngle storm were well above the standard, it 1s reasonable to 
assume that the faecal col~form concentratlons along the beach are hlgh durlng and after most, ~f not 
all, storms with slgnlficant runoff wlthin the watershed of the Turtle Rlver The length of high 
concentratlons In the bay after a storm depends on the length of the storm and the ram volume, as 
well as on the water exchange rate of the bay water with the open ocean Based on the data from 
the October 2 storm, the faecal collform concentratlons 8 hours after the storm were st111 
considerably higher than one hour before the storm (Flgure 4-1 3) 

4 3 2 Eastern Ocho Rros Bay 

The maln source of faecal collform to the eastern Ocho R ~ o s  Bay appears to be the stormwater 
dralnage p ~ p e  that extends into the southern part of the bay underneath the boat pler A second plpe 
is enter~ng the bay near Turtle Towers Other potentral sources conslst of dlscharges by small boats 
moored along the frlnges of the bay, crulse shlp dlscharges, dlscharges by the Fern Gully Drainage 
Channel, and from the sewage treatment plant along the hill Each of these sources 1s discussed In 
more detalls below 

The pipe underneath the boat pler drams stormwater from the Town of Ocho Rlos It enters the bay 
at the end of the boat pler at a depth of approvlmately 4 m The plpe has a dlameter of 
approximately 0 5 meters The dlstlnctly hlgher faecal collform concentratlons at Statlon OR-22 as 
compared to other statlons In the bay shows that faecal collform IS also enterlng the eastern bay 
through thls plpe durlng dry weather conditions (Attachment A) The orlgin of the sources that 
discharge durlng dry weather 1s not known, but 1s presumed to be smaller sewage llne connection 

Condltlons durlng a rainstorm were not observed, measurements one hour after the October 2 
rainstorm showed generally high concentrations In the general area of the plpe as a result of dllutlon 
Res~dents in the area stated that dur~ng ramstorms the freshwater runnlng through the plpe can be 
seen upwelling at the end of the pier Also, the eastern bay may f i l l  with brownish-colored water 

The wastewater discharged through the plpe also contains 011 at tlmes, as lndlcated by the 011 wlthln 
the sediment In the vlclnity of the mouth of the plpe The sed~ment was collected through sedlment 
cores 
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Information about the second plpe, located adjacent to the Turtle Tower, IS not available The pipe 
appears to be dralnlng stormwater from parklng areas Residents told us that laundry detergents 
have been seen enterlng the bay from the pipe, but such observat~ons were not made durlng our 
sampllng activ~tles The relevance of the second plpe for the water qual~ty In the bay needs to be 
examlned more closely durlng ra~nstorms 

Cruse shlps could represent a large polnt source of faecal collform to the bay, although dlscharges 
were not observed durtng our sampllng actlvltles Cru~se shlps were In port durlng several of the 
sampllng days and Illegal discharges would have been detected In our faecal coliform data It 
appears from talklng to resldents that crulse ship dlscharges have not occurred In the recent past 

Small boats are moored In three locat~ons In the eastern Ocho Rlos Bay the small harbor to the west, 
the boat pler near the Sand Castles Hotel, and the boat pler along the groln adjacent to the Jamalca 
Grande Hotel Accordtng to res~dents, people llve on some of the boats Clearly, sewage contamers 
and faclllt~es should not be empt~ed Into the bay, although any potentla1 dlscharges from these 
facllltles are expected to be comparatively small A more Important contr~but~on by boats to the 
water quality in the bay IS made by dlscharges of motor 011 and olly bllge water into the sea 

The Fern Gully Dralnage Channel IS not a source to the Ocho Rlos Bay durlng dry weather During 
large ralnstorms the channel could potentially be a source, if the rlver water gets dlverted to the west 
upon entry Into the ocean and then transported Into the bay However, the dynamlcs of the rlver 
water enterlng the ocean during ralnstorms IS not clear based on d~scuss~ons w ~ t h  several resldents 

The ocean outfall of the existlng sewage treatment plant IS located to the east of the bauxlte loadlng 
faclllty The d~str~bution of the faecal col~form data suggest that the plpe IS not a source to the 
eastern Ocho Rlos Bay and most l~kely also not to the western bay 

4 3 3 SnzZor Hole Sprzng 

The Sallor Hole Sprlng at the entrance to the small fishing vlllage IS used by the fishlng communlty 
for bathlng and laundry The low faecal coliform concentrat~ons show that the water 1s safe for these 
actlvit~es Conversations w ~ t h  members of the fishlng communlty ind~cated that the uater 1s 
occas~onally also used for drlnkrng (w~thout bolling) However, drlnklng of the water IS not 
recommended, as the measured concentrat~ons exceed both the USEPA and World Health 
Organlzatlons standards for dr~nklng water 

4 4 1 Western Ocko Rros Bay 

4 4 1 1 Water Quality Improvements along the Turtle River 

Improving the water qual~ty of the Sa~lor Hole Beach requlres lmprovrng the water quallty of the 
Turtle Rlver Improvements will be a slow process A water quality study of the Turtle Rlver 
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conducted by the Water Resources Authority In Jamalca In 1994 concluded that the water in the rlver 
recelves leachate from p ~ t  latrlnes and adsorption p ~ t s  The water apparently travels between the thln 
top soil and the low-permeability rock format~on underneath In addition, surface discharge plpes 
were observed that carry wastewater from premlses along the rlver It 1s currently not whlch source 
predom~nates 

Aslde from improving the water quallty of the Sador Hole Beach, improving the water quality In 
Turtle Rlver would also be beneficlal for other users 

Residents from Ocho Rios regularly use the water In the rlver for wash~ng and bath~ng near the 
bridge over the La Costa Drlve Gwen the h ~ g h  faecal col~form concentration In the rlver thls 
activ~ty 1s presently not recommended, speclfically after ralnstorms Improved water quallty 
of the rlver water would reduce health rlsks 

The river 1s used by tourlst establishments for varlous recreational purposes along ~ t s  course 

Actlvit~es toward lmprov~ng the water qual~ty of the river requlres ldentlfylng the maln sources for 
coliform and el~mlnatlng them to the extent feaslble In add~tlon, all larger establishments with 
adsorption pits as well as res~dences should be connected to the new wastewater sewage system In 
the town, ~f feaslble Prlorlty should be glven to remed~ate any dlrect discharges as they have a 
disproport~onately hlgher Impact than other sources 

Further, we recommend to bu~ld on the study by the Water Resources Author~ty (WRA, 1994) wlth 
addlt~onal sampllng In order to track down spec~fically the maln sources for faecal collform In the 
rlver The WRA study was based on 2 sampling days w ~ t h  6 faecal col~form measurements dur~ng 
each day We recommend to conduct addit~onal sampling wlth a higher sample denslty along the 
river Samples should also be collected durlng dry weather and wet weather condtt~ons At the same 
t~me,  the rlver should be Inspected In deta~l in order to locate every plpe that enters the rlver 

Removlng some of the sources for faecal collform to the rlver may not remove all sources, but ~t 
should be posslble to reduce the coliform concentratlons sufficiently to allow for swlmmlng along 
Sallor Hole Beach dur~ng dry weather conditions 

4 4 1 2 Beach Management 

Currently the water qual~ty at the beach IS poor Faecal collform concentratlons along the Sador 
Hole Beach exceeded the USEPA standard for bath~ng 29% of the time durlng dry weather 
cond~tlons Durlng the slngle ramstorm In the study per~od, the faecal col~form concentratlons were 
40 tlmes above the standard 

Untll the water quallty of the rlver 1s ~mproved, appropriate management steps should be tahen by 
local authorities to Inform the public about the nshs at the beach Swimmlng should speclfically be 
avo~ded dur~ng and after large ralnstorms 
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In add~t~on, d r~nk~ng  of untreated or unboiled water and washing of food in the Turtle R~ver and the 
Sador Hole Rlver presents a clear health r ~ s k  at all times, and thus should be avo~ded 

4 4 2 Eastern Oclzo Rlos Bay 

4 4 2 1 Water Quallty Improvements through Remov~ng the D~scharge from the Drainage P ~ p e  

The maln source of collform to the eastern Ocho R ~ o s  Bay IS the stormwater dra~nage plpe 
underneath the boat pler Dur~ng wet weather cond~t~ons, the plpe appears to be the maln source of 
contamination of the bay This plpe appears to be dlscharglng wastewater also durlng dry weather 
condlt~ons 

M~tigation of wastewater enterlng the bay through the plpe during dry weather cond~t~ons requlres 
locating and d~sconnectlng direct wastewater d~scharges from households and other establ~shments 
that currently enter the stormwater dra~nage plpes Connect~ons should Instead be established to the 
new sewage treatment plant 

However, stormwater discharges will most l~kely still carry h ~ g h  loads of col~form Into the bay due 
the multitude of small polnt and non-polnt sources Most likely, the only effective m~t~gatlon 
measure for malntainlng safe bathing conditions along the beach dur~ng wet weather IS the relocation 
of the stormwater dra~nage plpe One opt~ons conslsts of extending the plpe out to sea beyond the 
reef The second optlon conslsts of rerout~ng the discharge polnt to the east Into the Fern Gully 
Dralnage Channel T h ~ s  option may requlre pumping 

If the plpe will be relocated or extended, ~t may be worthwhile to Include the second stormwater 
dra~nage pipe at the same tlme At thls tlme, the contr~butlon of faecal collform to the bay from the 
bay IS not yet known and should be lnvestlgated to determine ~f the plpe IS a s~gnlficant source of 
pollution as well Such data are planned to be collected as part of add~t~onal actlvitles suggested in 
Sect~on 4 5 below 

4 4 2 2 Beach Management 

Gwen the actlve use of the beach and its economlc importance to the town, we highly recommend 
to develop a management plan that addresses the lssue of high faecal coliform concentrat~ons durlng 
rainstorms T h ~ s  management plan should develop an approach to close the beach (for water contact 
act~v~tles only) for certaln periods after ralnstorms The slze of the storm (in terms of volume of 
ram) and the per~od of closure after a storm (in terms of hours) st111 needs to be determ~ned w ~ t h  
additional data Fortunately the preliminary data suggest that only short per~ods of closure may be 
necessary The management plan needs to be developed In close coord~nat~on w ~ t h  nat~onal and 
local authorities, given the sensltlv~ty of the lssue Removlng the maln source would likely render 
closure unnecessary or reduce thelr frequency to only the largest ralnstorms 

The management plan should also ~nclude issues regarding the use of boats In the eastern Ocho R ~ o s  
Bay Pollution caused by the boats at present (such as motor 011 and bllge water sp~lls) are largely 
avoidable Ev~stlng boat maintenance regulations should be rev~ewed for small boats and be 
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enforced At the same tlme, local authorit~es should create facll~ties on shore to fac~l~tate easy 
compl~ance by the boat owners with such regulations Such fac~lit~es include receptacles for motor 
oil and bllge water, as well as receptacle for sewage and sol~d waste that accumulates on these boats 
These facil~ties should be maintained, costs for maintenance could be covered by l~cense fees 

4 5 Suggested Activit~es for Development of Beach Management Plan 

As part of thls project we recommend the following activit~es toward the goal of safe swimmlng 
conditions along the Sallor Hole and Turtle Beaches 

Addrtronal Sarllplrng - Western Ocho Rzos Bay For the western bay, there are sufficient data 
available to understand the beach water quality Additional data would be useful after raln 
events but faecal collform concentrations are expected to be h ~ g h  based In the exlsting 
information The rain event needs to focus on the tlme requlred for the 'recovery' of the bay 
waters as t h ~ s  1s essential lnformat~on for any beach management plan Equally Important is 
the need for add~tlonal data for the identification of faecal coliform sources In the Turtle Rlver 
watershed 

Addrtronal Saillplrng - Eastern Ocho Rros Bay For the eastern bay, addit~onal faecal collform 
data for wet weather cond~tions are cruclal for the development of a meaningful beach 
management plan Currently, the water quallty along Turtle Beach during dry weather IS 

adequate for swlmmlng most of time, but deterlorates durlng ramstorms Open questions are 
as follows 

- Horn much raln is needed durlng a storm to decrease the water quallty to below swlmming 
standards? 

- How many hours does ~t take after a rainstorm before the water qual~ty has improved through 
dllutlon and die-off to agaln be suitable for swimming? 

Addztronal Sanlplrng - Fern Gzrlly Drarnage Channel Wet weather samples are needed also 
from the Fern Gully Dralnage Channel and the area of the ocean surrounding the mouth of the 
channel to assess whether the channel IS a source to the Ocho Rios Bay The freshwater plume 
of the rlver upon entry Into the bay should be observed visually and wlth a salinity meter to 
determine the d~rect~on of flow 

Other Pathogen Indrcators During our sampling events, tests were also conducted for 
enterococcos as another bacterial indicator for human health These data are currently still 
belng synthes~zed We plan on processing these data further and comparing them with the 
faecal coliform results as a second ind~cator for pathogens 

RarnfalI Analyses As part of the management plan existing hlstoric ralnfall data should be 
analyzed for as long a histor~c time period as data ex~st  The goal of this analys~s 1s to 
determine the typlcal slze of a rainstorm and the frequency of occurrence throughout the year 
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This information would become part of the management plan, and would allow for calculat~on 
of the frequency of any temporary beach closure 

Investrgatron of Stormwater Drarnage P p e  The stormwater dralnage plpe should be reviewed 
Informat~on needed 1s the area of contr~but~on to the plpe and potentla1 connections At an 
advanced stage ~t may be adv~sable to conduct dye studies to trace wastewater connections of 
residences or other establishments These are rout~nely conducted for identlficatlon of d~rect 
sewage discharges In U S coastal reglons 
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5.0 MONTEGO BAY - Walter Fletcher Beach 

Walter Fletcher Beach is located in the City of Montego Bay (Figure 5-1) The beach borders the 
eastern s ~ d e  of Montego Bay (the water body) It was artificially created through filling of shallow 
coastal lands in recent years The beach is in the mlddle of a strlng of three beaches wlth Dump-up 
Beach to the south and One-man Beach to the north (Figure 1-3) Each beach is partially protected 
from the ocean by a rock groin structure 

Walter Fletcher Beach is fenced and has only one access polnt The beach is accessible to any 
resident or visitor for a fee of J$50 and is open between 9 OOh and 22 OOh The beach is actively 
used (Figure 5-2) Facllit~es along the shore of the beach consist of a small restaurant and bar, 
sanitary facilit~es, and changing rooms A few glassbottom boats are moored in the northern corner 
of the beach 

Dump-up Beach and One-man Beach are not fenced and open to the public None of these two 
beaches have facil~ties along the shore 

The closest freshwater source to these beaches are two stormwater drainage plpes that enter Montego 
Bay at the two groin structures located on both sides of Walter Fletcher Beach (Figure 5-3), and 
North Gully which enters Montego Bay just south of Dump-up Beach (Figure 5-4) 

5 2 Data 

5 2 1 Rainfall 

Most of the samples were collected during dry weather cond~tions Ralnfall only occurred on the 
day before the August 28 and the October 3 samples (Tables 5-  1 a and 5-1 b) 

Augtlst 28 A comparatively large rainstorm occurred on August 27, result~ng In 23 mm of rain, as 
measured at the airport The rain fell in the afternoon, resulting in closure of Walter Fletcher Beach 
for the evening The reason provided for the closure was floating debris along the beach 

October 3 An 'average' rainstorm occurred on October 2 Ram fell in Montego Bay between 
19 OOh and 20 OOh The recorded rainfall at the Sangster International Airport was 12 mm, our gage 
deployed at the NWC laboratory in Bogue recorded 9 mm 

5 2 2 Flow Rates 

The closest surface water body that could potentially influence Walter Fletcher Beach and Dump-up 
Beach are North Gully and the stormwater drainage pipes North Gully, however, only has 
significant flow during rainstorms During dry weather the flow rate was very low (approx~mately 
0 014 m3/sec or 0 5 cfs) Information about the stormwater runoff In the gully during the two rain 
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F~gure 5-2 Walter Fletcher Beach looking to the south The beach 1s used act~vely by ma~nly local res~dents as well 
as tourlsts 

F~gure 5-3 Stormwater dramage plpe entenng Montego Bay In the center of the groln structures on both s ~ d e s  of the 
crescent shaped Walter Fletcher Beach 
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F~gure 5-4 Dump-up Beach North Gully 1s enterlng Montego Bay just beyond the beach The flow in the gully IS low 
during dry weather cond~tlons (approximately 0 01 5 m3/sec or 0 5 cfs), but is sufficient to result In h ~ g h  faecal 
coliform concentrations at the mouth of the gully During rastorms the flow rate in the gully is much hlgher 
resulting most l~kely in hlgh loads of faecal coliform to the bay (wet weather data are not yet available 
however) Along Dump-up Beach the faecal collform concentratlons durlng dry weather cond~tlons were 
consistently very low [ndlcatmg that the rock groin provides an adequate barrler from North Gully water 
Cond~tlons along the beach after large rainstorms could not yet be investigated due to the absence of ram 
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Table 5-la 

Rainfall in Montego Bay, 1997 (m mm) 
(Locat~on Sangster Internat~onal A~rport) 

Stat~st~cs for the jear 

Total Ramfall 576 rnm 
Number of ram days 80 ( ~ ~ t h o u t  TR) 
I31ghest ramfall volume in a da\ 75 mm 

Day 

1 
2 
3 
4 
5 
6 
p- - 

7 
8 
9 

- 

10 
11 

- - -- -- 

12 
- 

13 
- -- - - - - 

14 
- -- - -- 

15 - - - - - 
16 

- -- - 

17 
- - - - - - 

18 
- - - 

19 
- -- 

20 
2 1 
22 

- - 

23 
- - -  

23 
-- - 

25 
-- - -  

26 
- - - - -- - - 

27 
- - - - - - 

28 
- -  - -  

- - 
29 

- 

30 
3 1 

Sum 
No ofdays - . 

(Values represent ramfall betlgern 7 00 dm of the recorded day and 7 00 am 
of the next day TR ( 1  e trace) represents ramfall of less than 0 1 rnm ) 

Jan Feb March Apnl lllaj June July Aug Sept Oct Nov Dec 

0 4 4 0  4 7 T R  ---------. 0 2 --- 
TR 0 2 TR ------------- 11 9 ---- 

TR TR TR 8 2 TR 21 2 9 4 0 1 
---p---pp---p - p-pp----p 

TR TR 31 0 TR 0 3 0 5 1 0  
-------L-----. -- 

0 2 TR 4 3 ---------- ----- -- 3 6  0 5  0 4  -- 
-- - --- - - - - - - -- -- -- -- - -- 74 8 - -- 

7 6 16 5 2 2  9 7  2 0  -- ------- 
TR TR 6 0  4 0  

-- -- - - - -- - - - - -- -- - - --- -- - - - - 
1 1  0 1  0 7  3 5  4 3  7 4 6  ---- - L  - ------ 
5 3 0 2 TR 5 2 1 6  

TR TR 24 7 TR 
- - - - - - -- - - - C  , " 

10 0 TR TR 1 1  TR 
- -- - - - - * *  

- - - - -- - 
TR 0 2 43 8 

- - - - - - - - - - -- - - - - - - - - 
TR TR 39 2 

-- - - -- - - 
1 3  
- - 

TR TR 
- - - - - - - -- - --------- "- #- 

TR 
- - - - -- - 0 1 

- - -  
TR 10 7 2 7 

- -- - - - - - - - - - - - - - - - - - - 

-- ---- 
1 3  TR 0 6 17 2 

- - - -- - - - ---- - - -- .%-.%.. 

2 8 4 4 TR 2 3 1 4  
- - - - - - - - - - - - -- - --- -- - - - - -- - - - 

- - - - - -- 
2 7  2 1 

- -- - - - - A 

- - 
2 4 -- -- TR TR 2 2 

< w  

TR 3 8 TR 2 8 2 3 
TR TR TR 

- - - -  - - -  -- - 2 0 - 
1 1  
- - - 

2 4 TR 
- - - - - - - - - - - - #.-. ,, 

3 1 > 
- - -- - - - -  - -- ...- 

- -- - 
6 2 --- - 0-8 - - -- 

TR - - - -  - - 
1 9  

- -  - 

0 5 
- - -  - - - -  - - -  --- ----- - - - -  

- 
TR 

- - - - - -- - 
TR 

-- - - - -- - - - - - - - - .,-- - 
0 7  - 23 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - +. *- 

- - - - 1 3  0 2  
- - - -- - - - - - - - - - -- -- -- - - 

0 1 0 4 
-- - -- - - - - - - -- - - 

0 4 
- -- - - - - - -- 

9 0 1 4 6  0 4  
TR 4 0 

153  0 5  1 4 9  8 3  173 631 217  358  9 3 8  2657 3 6 8  2 7  
- - - -- - -- - - - - - - - --- -- - -- ----- - -- - 

7 1 6 2 6 10 4 8 12 12 8 4 

Source Mefeorolog~ca[ Office Sangster Internaf~onal Alrport Montego Bay 

no data yet 
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Table 5-lb 

Ramfall in Montego Bay, 1997 (in mm) 
(Locat~on NWC Facility in Bogue) 

(Values represent ramfall betueen 9 00 am of the recorded day and 9 00  am of the next day 

Day 

No data 
Ram fell o\er t u o  days no exact tlme perlod known 

Jan Feb Afcirch Apni May June July Aug Sept Oct Nov Dec 
i 

Sortrce Ratngage dep[o\ed ar rlze NWC facr/itv In Bogue 
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1 -- - 
2 
3 

--- - 

4 
5 
6 
7 

-- - 

8 
- , a ,  

9 
-- 

10 

t f E 1 3 > > > 
- -- - - .-- 8 8 - --,- - 6 -  ---6 - -- { -  ---- -{ - 1 -- 
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.E I f 3 > > > 0 2  0 4  3 0  
A Y ~ I I v ' ~ ~ - ~ w d u . . . ~ ~ ~ V ~ ~ ~  ."...a E X --tt--- - - -- 

f f f 3 3 1 > 
A .%A** * a* --LL U * ..- * <*C,,.%,V_C (*LA A- I I - " " I  .-- - - - - 

t f 3 3 -- - - -  - - - - - - r -  - 5- - -  > 
<- -- <- 

368 4 7  
I --- E -  -- i . - - - -  

f I f 3 * -..,rxr... -..v+.. x *h-.*-- .. A.., -d'--..,--A Cnrrrr*rr ' 3 1  4 
f---"--t- - -- l o - -  - 

- - 

3 2 4 ,+.-,".#r~LLd~"T--*$ ---- ' +,---- ...,------ -- -- - -- 
t f 3 

,f- ZL .. 8 A, -3, -,,' ,,,3 , '"_,,> ,,..,,,-___ 
f t I 3 0 0  2 5  - .t- ---- g. - -  - g -  - -  1- - i -  - 3 .  - ' -  - - -- - _L__ _- -- 

i < t f 
r i i 1 1 1 > 0 8  

11 
- - 

12 
- -- 

13 
-- - - 

14 
- -- 

15 
- -- 

16 
- 

17 
- 

< f t f 
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< f 
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A > .. > 
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< c 
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I -- 2. -, - - - -- 

< I t E 1 
m "3--- 

6 2  2 8 E  
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< < 
I..."-- 

E 3 
: i- --:--* p " - w.. 1- ..A""- --. '*w -3- .A. A.1- j -., \x-w..,, - - -  - -* -A- 1 

< c 
t . " >  

t 0 6 
-- I J_L - - -- A A r 3 3 3 

< < - .. - r  " -- - f < - - - -  3 -_-- 0 9 33 4' 
18 
19 
20 

- f 
- - -- 

E i I > I 
v ..-m r *--,- -rx*r * - 3  u c r m n  ,,mm,tn,,n -vt**xr*r-ftt,f - - - - X  

I i 3 
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2 9' 
" X- 
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1 
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- 
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- 
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26 
- 
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- - 
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29 

- 
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3 1 
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t I 

r A . .  r 5 .. iAAA 3. -..-' u ---- - - - - - E  
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days (August 27 and October 2) is not available In the Montego Bay Environmental Mon~torrng 
Programme report (Berger, 1996), the 'average' stormwater flow in North Gully was est~mated 
between 1 5 and 5 m'lsec (53 and 176 cfs) The worst annual ralnstorm was estimated w ~ t h  roughly 
20 to 50 m3/sec (700 and 1,750 cfs), which is more than 1,000 times hlgher than the dry weather 
flow rate 

Discharge rates for the two stormwater dralnage prpes in the grolns adjacent to the beach are 
currently not known 

Most of the samples were collected from the Walter Fletcher Beach area Addlt~onal samples were 
collected from the Dump-up Beach, and the mouth of the North Gully Durlng Sampllng Event 4, 
two samples were collected also from the One-man Beach, located just north of the Walter Fletcher 
Beach Data and stat~stlcal averages for each sampllng event are presented In Attachment B, a 
summary of the data IS presented In Table 5-2 and Figures 5-5 to 5-7 

North Gully 

Samples were collected from the mouth of North Gully At thls statlon (MB-15), the lnflowlng gully 
water (freshwater) 1s already well mlxed wlth the water from Montego Bay (salt water) The 
average salln~ty of the water at statlon MB-15 was 33 5 ppt, the salln~ty of Montego Bay water was 
35 ppt, lndlcatlng that the gully water was already dlluted approxrmately 20-fold wlth bay waters 
Even after dllutlon, the faecal col~form concentratlons at t h ~ s  statlon ranged between 3,200 and 
58,000 co1/100 ml, clearly well above the USEPA standard Concentrat~ons durlng a ralnstorm are 
not available, but concentrat~ons are expected to be hlgher than the dry weather concentrat~ons 
because of a lower degree of mlxlng wlth sea water The geometric mean faecal collform 
concentrat~ons In undiluted gully water collected 200 m upstream from ~ t s  mouth was measured 
durlng the Montego Bay Environmental Monltorlng Programme at 350,000 co1/100 ml, rangrng 
between 54,000 and several mllllon co1/100 ml (dry weather flow only) 

Beaches - Dry Weather Cor~drtlons 

Walter Fletcher Beach - all data except for August 28 and October 3 27 and 28 Durlng 'typ~cal' 
dry weather condltlons, the faecal collform concentratlons along the Walter Fletcher Beach were 
low, reflecting safe swlmmlng condlt~ons (Table 5-2, Flgure 5-5) Wlth the exception of October 
27 and 28, faecal col~form concentratlons along Walter Fletcher Beach (Stat~ons MB-I to 7) never 
evceeded the USEPA standard of 200 co1/100 ml, the h~ghest value was measured on August 26 wlth 
60 co1/100 ml 

Walter Fletcher Beach - October 27 and 28 Faecal col~form concentratlons on Walter Fletcher 
Beach on October 27 were very high exceedrng 6,000 co1/100 ml at several of the statlons along the 
beach (F~gure 5-3) H~gh values were obtalned by both the NWC and our laboratory Twenty-four 
hours later, the faecal collform concentratlons were st111 hlgh along the beach reachlng up to 940 
co1/100 ml, the quallty control sample analyzed by the NWC slmrlarly had a h ~ g h  concentration of 
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Table 5-2 

Faecal Collform Concentrat~ons In Montego Bay (Statistics) 
Walter Fletcher Beach 

SAMPLING EVENTS 2 to 4 September 28 to December 12 1997 

Not ava~lable or not applicable 

FC ALL97 XLS 117198 9 21 PM 

Location 
Stat~on 

No 

M B 2  

M B 4  

M B 5  

M E 7  

MB 8 

MB 13 

ME 14 

ME 16 

MB 15 

MB 17 

Walter 

Fletcher 

Beach 

Dump up 

Beach 

North Gully 

One man Beach 

northern corner 

center north 

center south 

southern corner 

at southern groln entrance to beach 

at southern groin entrance to beach 

center of beach 

between N Gully and Dump up Beach 

10 m seaward from mouth 

center of beach 

Water 
Depth 
(appr 

m) 

1 1  

1 6  

1 6  

1 0  

0 3 

0 3 

1 2  

0 3 

0 3  

0 3  

FAECAL COLIFORM (co11100 
Weighted 
Geometric M i n ~  Maxi 

Mean Count mum mum 

All Samples 
(except hrgh values on Oct 27 & 28) 

1 16 0 37 

2 16 0 22 

2 16 0 12 

1 16 0 10 

2 16 0 232 

5 15 0 1 700 

1 16 0 17 

5 9 1 290 

5 724 10 3160 20000 

1 2 

mi) (All Berger samples & NWC samples from Oct 3 and 31) 
Weighted 
Geometric M I ~ I  Maxi 

Mean Count mum mum 

Percent of samples 
above 200 above 400 
co11100 ml colllOO ml  

A l l  Samples 
(rncl hrgh values on Oct 27 & 28) 

3 18 0 >6000 

3 18 0 26 000 

3 18 0 >6000 

I 18 0 20 

4 18 0 26000 

7 17$ 0 1 700 

1 18 0 17 

9 11 1 670 

6,051 12 3160 58000 

1 2 

11% 11% 

6% 6% 

11% 11% 

0% 0% 

11% 6% 

12% 12% 

0% 0% 

18% 9% 

100% 100% 
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STATION # 
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900 co1/100 ml The generally lower concentratlons on October 28 suggest that the concentratlons 
were a result of dilutlon and die-off from loadlng durlng October 27 Concentrations on October 
29 had returned to typlcal low dry weather concentratlons The potential causes for these hlgh 
concentrations are discussed below In Section 5 3 The h ~ g h  concentratlons measured during these 
two days are the reason why, on average, the faecal collform concentratlons at some of statlons 
along Walter Fletcher Beach exceeded the standard of 200 co1/100 ml in a total of 11% of all 
samples analyzed durlng the study (Flgure 5-8) 

Dzinp-up Beach The faecal coliform concentrations at Dump-up Beach were always low, ranglng 
between 0 and 17 co1/100 ml Thls Includes the faecal collform concentratlons on October 27 and 
28, indlcatlng the source affecting the Walter Fletcher Beach was unlque to the beach 

One-man Beach Two samples were collected durlng Sampllng Event 4 durlng dry weather 
conditions The faecal col~form concentratlons In these two samples were below 2 co1/100 ml 
reflecting safe bathing conditions 

Beaches - Wet Weather Condrtlons 

Walter Fletcher Beach -August 28 sanlples The beach was sampled approvlmately 18 hours after 
a larger rainstorm In Montego Bay Samples were analyzed by the NWC laboratory In Bogue The 
faecal collform concentratlons ranged between 2 and 60 co1/100 ml along the beach which 1s clearly 
above typlcal dry weather condltlons, but still below the USEPA standard for swlmming The beach 
was closed for swlmmlng after the storm, reportedly because of debrls on the beach Some res~dual 
solid waste in the northern corner of the beach Indicates that the beach was ~ndeed affected by 
stormwater runoff 

Waltel Fletcher Beach - October 3 sanlples An 'average' ralnstorm occurred in Montego Bay on 
the evenlng of October 2 Samples were collected between 9 30h and 10 30h on the following day, 
14 hours after the storm Clearly, faecal coliform concentratlons at Walter Fletcher Beach had 
~ncreased from dry weather concentrations between 0 to 5 co1/100 ml to concentrat~ons between 2 
and 28 co1/100 ml However, these higher concentratlons were st111 w~thln the USEPA standard 
The only sample evceedrng the USEPA standard on October 3 was measured as 232 co1/100 ml at 
the entrance to the crescent-shaped beach area at Statlon MB-8 Thls station 1s located outslde of 
the swlmmlng zone The hlgher concentratlons may have been caused by res~dual faecal collform 
bacterla from the storm 14 hours earlier Concentrations were also hlgh at the entrance to Dump-up 
Beach (Station MB-13, 707 co1/100 ml) suggesting that North Gully could have been a source 

Dtnltp-up Beach Samples were not collected on Dump-up Beach on August 28 The faecal 
col~form concentration In the sample collected from the beach on October 3 was very low (5 co1/100 
ml) 

One-ntan Beach Samples from the beach collected after rainstorms are not available 
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'Typzcal' dry weather condrtlons The data show that the three beaches, Walter Fletcher Beach, 
Dump-up Beach, and One-man Beach are typically safe for swlmmlng durlng dry weather 
conditions However, due to the surprrs~ngly h ~ g h  concentratlons that were measured on October 
27 and 28, the Walter Fletcher Beach could exceed the USEPA standard some of the tlme durlng dry 
weather condltlons 

Walter Fletcher Beach - Hrgh faecal colrforr~z concentratrons on October 27 and 28 The cause for 
the hlgh concentratlons IS not understood at thls tlme The data are not llkely an analyt~cal error 
slnce (a) hlgh values occurred on both days, (b) hlgh results were recorded by two laboratories 
independently, and (c) high concentratlons were measured along most of the statlons along the beach 
durlng these days Rainfall In Montego Bay was not a factor, as shown by the raln gage records both 
from the alrport and the NWC locatlon Posslble sources Include the follow~ng (although they 
cannot be confirmed at thls t~me)  

Stornzwater dramage pzpes Dry weather discharges could have occurred at one of the two 
stormwater dralnage plpes at either slde of the Walter Fletcher Beach Such dry weather 
d~scharges could potentially consist of sewage enterlng the system through a broken sewage 
pipe or through pumping wlth~n the upland dramage area of the pipe, although the area that IS 

drained by the each of the pipes IS not known at thls time 

North GulIy The faecal collform concentratlon at the mouth of the gully was comparatively 
hlgh (58 000 co1/100 ml) However, North Gully was probably not the source unless ra~nfall 
occurred In the upper watershed of the gully Unusual discharge In the gully were not reported 
by local residents Also, the concentrations at the statlons between the gully and Walter 
Fletcher Beach (Stations MB-13,16) were comparatively low suggesting that coliform-laden 
gully water was not transported along the coast In addlt~on, had North Gully been the source, 
~t IS conce~vable that Dump-up Beach would have been affected as well Concentrations at 
Dump-up Beach on October 27 and 28 were below 20 co1/100 ml, as tested by both the NWC 
and our laboratory on both days 

Dzscharges along the beach The only larger source for faecal collform along the beach IS the 
sanltary faclllty for the beach Itself It 1s not conclus~vely known yet if the fac~litles is 
connected to the wastewater collection system of the Clty or if the facll~ties has another form 
of sewage treatment Thls issue should be resolved The sharply higher faecal collform 
concentrat~ons along the beach on October 27 and 28 suggest, however, that the source 1s not 
slow leachlng from a leahlng underground septlc system but rather a more dlrect discharge 
lnvolvlng dulnplng or pumplng 

Boat dzscha~ges Several boats are moored In the northern corner of the beach Nobody lives 
on these boats In addltlon, these boats do not have sanitary faclllties, thus, dumplng of a 
sewage holding tank after return from the sea IS not an optlon 
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Wet weather condztrons The collected data are insufficient to fully understand the faecal collform 
concentratlons durlng wet weather cond~t~ons at the beach and the Impacts of the potent~al sources 
Closure of the beach after the August 27 storm by the beach operator and residual sol~d waste in the 
northern corner of the beach suggests that the beach rs affected by large storms Half a day after the 
storms occurred, faecal coliform concentratlons were wlthln the USEPA standard Open questions 
consist of the follow~ng 

Srze of Rarnstorrn Do large rainstorms result In faecal coliform concentratlons above 200 
co1/100 ml along the beaches (Walter Fletcher Beach, Dump-up Beach and One-man Beach)? 
If so, what slze of rainstorm ( ~ n  terms of ramfall rate) affects the beaches such that the faecal 
col~form concentratlons exceed standards for safe bathing" 

Length of Influence If the water quallty of the beaches IS affected, how long does ~t take after 
a storm before dilut~on and d~e-off decreases the faecal col~form concentrat~ons agaln to safe 
bathrng levels' 

Sources What are the maln sources of faecal col~form that affect the beaches durlng a storm? 
All beaches could be affected by the two stormwater dralnage plpes and by North Gully North 
Gully discharges much greater volumes of wastewater Into the Montego Bay than the 
stormwater dralnage plpes However, the stormwater dralnage plpes are potentially Important 
sources because they discharge closer to the Walter Fletcher Beach and the One-man Beach, 
even though the discharge volume 1s much smaller than for North Gully 

Water Cnczrlatron What 1s the water c~rculation In front of the beaches7 In what way does 
the transport dlrect~on of the stormwater runoff vary once ~t enters the ocean? Is beach 
contamlnat~on drlven by the magnitude of ramfall and storm Influences on water c~rculatlon? 

5 4 Recommendations 

5 4 1 Source Reductron 

The data suggest that the beaches are safe for swimmlng most of the tlme However, the source that 
resulted In the h ~ g h  concentratlons along Walter Fletcher Beach on October 27 and 28 should be 
~dentlfied before the beach can be considered safe for swlmming during dry weather at all tlmes 
Thls ldentlficat~on Includes the determlnat~on of the type of sewage facllity on the property of the 
beach and a better understanding of the stormwater dramage plpes For example, addlt~onal surveys 
could try to determine ~f Illegal sewage connectlons exlst to the stormwater dralnage plpes through 
water qual~ty monltorlng of these plpes If so, such connectlons should be located through dye 
studles and ellmlnated 

Source reduction of wastewater (and garbage) enterlng North Gully certainly 1s hlghly deslrable as 
well, although reallstlcally is not expected to be achievable In the short-term Gwen the large 
number of small polnt and non-polnt sources that enter the gully, a study should be done first to 
ldentlfy these sources and then rank them In terms of slgnlficance Such a study would need to 
address both dry weather and wet weather condlt~ons 
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If North Gully IS an Important faecal coliform source to the adjacent beaches then a simple 
modification of the outlet to allow greater dllution or to enhance outward dispersion of the 
stormwater plume may be a cost-effectlve approach to remed~ate the problem 

5 4 2 Beach Management 

The most real~stlc option In the short and medium term for Walter Fletcher Beach IS beach 
management, assuming the source for the hlgh concentrat~ons on October 27 and 28 has been 
el~minated Managlng the beach is simple because the beach IS surrounded by a fence and gate 
However, at t h ~ s  time, addit~onal data are requ~red to determine when and for how long the beach 
should be closed due to increased r ~ s h  from collfom bacterla 

D7y weather data The number of dry weather data available at this tlme IS suffic~ent for a 
management plan However, add~tional data are requlred for the determ~nation of the source that 
resulted In the h ~ g h  concentrat~ons on October 27 and 28 

Wet  eath her data Wet weather data are clearly insufficient at t h ~ s  time for the development of a 
management plan Data of several rainstorms dur~ng and at different tlmes after the storm are 
needed The sampllng approach should be des~gned to address the open questions l~sted in Sect~on 
5 2 above 

Once suffic~ent data are ava~lable and the source for h ~ g h  values on October 27 and 28 has been 
elim~nated, a management plan may contaln the follow~ng elements 

Walter Fletche~ Beach The beach IS open for sw~mmlng dur~ng dry weather Dur~ng wet 
weather, the beach could be closed after a specific rate of ramfall over a specific perlod of time 
The ram rate could be measured with a simple rain gage at the entrance to the Walter Fletcher 
Beach, wlth potentially a second gage at the Montego Bay Marlne Park (MBMP) Office for 
purposes of enforcement The beach should also be closed if garbage and other floating matter 
IS seen on the beach after ram, independent of the raln rate 

Durilp-zp Beach and One-nlan Beach These two beaches are not enclosed by a fence as Walter 
Fletcher Beach Therefore, lfthese beaches are unsafe for swlmmlng shortly after rainstorms, 
effective management of these beaches IS likely based on ~nform~ng the publlc Manag~ng the 
beaches could potentially consist of two opt~ons 

- Setting up a slgn that states that beaches are safe for swimmlng, except after larger rainstorms 

- Glving the responslb~lity of beach management to the MBMP After severe rainstorms (using 
data from a s~mple raln gage deployed at the nearby MBMP headquarter), a slgn could be put 
up by the Parh at each beach stating that the two beaches are closed for swimmlng for the 
rema~nder of the day 
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However, we need to stress that the avallable wet weather data are not yet sufficient to recommend 
implementation of elther one of these options In addition, source ldentificatlon may allow single 
reduction optlons wh~ch reduce demands of beach management 

5 5 Suggested Actlv~ties for Development of Beach Management Plan 

As part of t h ~ s  project we recommend the following activities toward the goal of safe swlmmlng 
conditions along the three beaches (Walter Fletcher Beach, Dump-up Beach, and One-man Beach) 

Identrfiatron of the source that resulted m the hrgh concentratrons on October 27 and 28 
Thls survey would cons~st of a information search as well as additional sampling near the 
stormwater plpes It may also require a dye study to trace potential sources 

Collectron of wet weather data Samples durlng and at different Intervals after a few storms 
are needed The survey would Include tracklng of the stormwater discharge and the dlrection 
of movement of the water entering from North Gully Into Montego Bay Sallnlty 
measurements would be made In conjunction wlth the collection of faecal coliform samples, 
salln~ty is a tracer for the direction of flow of the col~form-laden stormwater In addition, 
vlsual observations would be recorded (such as color of water, garbage dlstr~bution, turbidity, 
etc ) as other tracers of movement 

C~rczrlatron dataprocess~ng Detalled data on the dlrectlon of water movement In front of 
Walter Fletcher Beach were collected durlng the Montego Bay Environmental Monitoring 
Programme (1991 to 1996) Water veloclty and dlrection measurements were recorded 
continuously every 15 minutes for 2 weeks durlng the rarny seasons and 2 weeks durlng the dry 
season Thls information would be reprocessed to provide lnformatlon of the 'typical' flow 
dlrection of water enterlng the bay from North Gully This study wlll support the source 
identification and development of the beach management plan It should also provlde lnslght 
Into the potential for reconfiguring the gully outlet to enhance flow away from the beaches 

Other mdrcators for pathogens Durlng our sampllng events, tests were also conducted for 
enterococcos as another bacterial Indicator These data are currently st111 belng synthesized 
We plan on processing these data further and comparing them wlth the faecal collform results 
as a second indicator for pathogens 

Ra~rflaall analyses We plan to conduct statlstlcal analyses of exlstlng rainfall records collected 
over the last years at the Sangster International Alrport and from the watershed of Montego 
Rlver ( ~ f  avallable) to determine the frequency and dlstr~bution of ra~nstorrns In the area, and 
thereby predlct the llkely frequency of beach closure given spec~fic rain rates 

Sotrrce rdentlficat~on for North Gully A separate study should be performed that identifies the 
maln non-polnt and point sources for sewage enterlng the gully, as well as the sources for 
garbage The study should also address conditions durlng dry weather and wet weather 
conditions Thls study should be comprehensive to be useful and therefore may need to be 
conducted as a separate project 
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6.0 NEGRIL - Community Centre Beach 

6.1 Overview 

The Comrnunlty Centre Beach is located In Negril along the southern stretch of the well-known 7- 
m ~ l e  long beach along Long Bay (Figures 6-1 and 6-2) The beach 1s located adjacent to a 
Comrnunlty Centre for the Town and has easy access to the publlc There are no hotels adjacent to 
the beach 

The South Negr~l Rlver (F~gures 6-3 and 6-4) enters the ocean just to the south of the beach The 
river drams the Great Morass In addition, it recelves stormwater runoff from adjacent communltles, 
namely the Towns of Negril and Sheffield At present, a new wastewater treatment system is 
constructed adjacent to an upstream sectlon of the rlver The effluent from the new treatment plant 
IS expected to be dlscharged Into the rlver later t h ~ s  year (Flgure 6-5) 

The South Negrll Rlver water has a characteristic rusty brown color, the water affects the beach at 
tlmes (Flgures 6-6 to 6-9) The coloration 1s caused by humlc substances such as tannlc aclds which 
do not affect human health Therefore, the color does not lndlcate contamination However, the 
brown color serves as a useful tracer for the transport direction of other constituents in the rlver 
water (such as coliform) after entry Into the ocean 

6 2 Data 

6 2 1 Rarnfall 

Most of the samples were collected durlng dry weather condlt~ons Ralnfall only occurred In the 
afternoon of October 1 and 2 (Table 6-1) The ralnfall rate of the storm on October 1 was low (2 
mm), the rate on October 2 was 10 mm Sampling was conducted around noon on each following 
day 

Ram fell also in the afternoon of November 1 The ram started at 15 45h and ended at 17 OOh The 
ram rate IS estimated roughly with 5 to 10 mm In Negril, although a ram gage was not deployed at 
the tlme The rainfall was local only, no ralnfall was recorded at the South Negrll Lighthouse The 
tlde at the t ~ m e  of ramfall was lncomlng, therefore none of the stormwater runoff that dralned into 
the South Negril River dlscharged Into the ocean untll the tlme of the outgoing tlde approx~mately 
4 hours later 

6 2 2 Flow Rates of Soutl~ Negr~l Rrver 

The South Negrll R~ver is an estuary, that extends all the way to Sheffield The salinity of the 
surface water In the rlver (upper 30 cm) varies from roughly 25 parts per thousand (ppt) near the 
mouth of the river (Statlon NG-11) to 3 ppt east of the footbr~dge (Statlon NG-22, F~gure 1-4) The 
sa l~n~ty  of the surface water varles depending on the Inflow of freshwater from the watershed of the 
rlver The sallnity of the bottom water In the river (upper 20 cm) decreases only from 34 ppt near 
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F~gure 6-2 Southern part of Long Bay In Neg111, look~iig east The Comrnunlty Center Beach (between 1 a and 1 b) IS just to the left of the mouth of the South Negrll Rlve~ (2) 
At t h ~ s  tlme, the blown water o f  the South Negrll Rlver (3) 1s also spreading northwald affecting the water qual~ty  on the beach Durlng o u ~  study, brown-water 
condltlons" along the beach were observed on December 8 and 9 along the entlle length of the beach In the photograph Polnt soulces for fecal collform enterlng the 
rlvel Include the effluent from the exlstlng sewage treatment plant In Whlte Hdll (4) (Plzotugtuph ttrhetz by J S  Tyt~dale-Bzscoe on 31 Ma) 1994) 
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F~gure 6-3 South Negril h v e r  upstream near the Town of Sheffield (near sarnplmg station NG-21) The river IS 

comparatrvely narrow The sallnlty of the bottom water IS 32 parts per thousand whlch a close to ocean water 
Non-po~nt source runoff from Sheffield appears to be one of the sources for faecal coliform In the river 

F ~ g u r e  6-4 South Negril River, downstream near the Town of Negril (near samplmg station NG-18) The rlver IS 

comparatively wide The maln sources for faecal coliform m the rlver are likely small polnt and non-point 
sources from the Town of Negr~l Water samples were collected from a boat, operated by Mr Wayne Hall 
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Figure 6-5 Later thls year the new sewage treatment plant is expected to discharge effluent Into the rlver The 
treatment plant conslsts of several waste stabilization ponds The effluent polnt is shown here, although the 
ponds are not operational yet Pre-d~scharge basellne conditions collected m thls study should prove valuable 
for future studies of the effect of the sewage effluent on the water quallty In the river and along the beaches, 
once sewage effluent IS belng discharged Into the rlver 
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F~gure 6-6 Community Centre Beach durmg "blue-water condltlons" Durmg such condltlons, faecal collform 
concentratlons In the water are low or absent, the water 1s safe for swlmmlng 

F~gure 6-7 Community Centre Beach durmg brown-water conditions", as observed on December 8 and 9 The brown 
water 1s rlver water that moves to the north upon entry ~ n t o  the ocean The brown color 1s caused by 
compounds such as natural organlc ac~ds  from the morass whlch don't affect human health However, 
(colorless) faecal colltorrn bacter~a also contamed In the river water may exceed concentratlons for safe 
swlmming under such condit~ons 

- 
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F~gure 6-8 Closeup-up of "blue-water cond~tions" near the Cornmunlty Centre Beach 

F~gure 6-9 Closeup-up of "brown-water conditions" along the Community Centre Beach 
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Table 6-1 

Rainfall near Negr~l, 1997 (in mm) 
(Location Lighthouse at Negril Point) 

Statistics for the )ear 

Total Ralrifall 1 340 mm 
humber of ram days 83 (u lthout TR) 
H~ghezt ramfall volume In a daj 122 mm 

Day 

-- 
1 

2 
3 
4 

- 5 
6 - 
7 
8 - - 
9 - - 
10 
11 ----- - 

12 
- -- - - -- 

13 
- - 

14 
- - - 

15 
16 - 
17 
18 - - 
19 

2 0  
21 
22 
23 
24 
- 

25 -- 
26 

- - -- - - 

27 
- - - -  

28 
- - - -  

29 - 
30 
3 1 

Sum 
No of da)s 

(Values represent rainfall betaeen 7 00 am of the recorded day and 7 00 am of the next day ) 

Jan Feb March Apnl May June Ju1j Aug Sept Oct Nov Dec 

------ 3 3 0  1 8  -------- 
7 3 5 0 3 9 2  1 0 0  4 0 

-- - --- - - ---------- -- 

-- -- - -- --.- .- ,- -- 
12 2 14 9 122 0 --- -- --- --- --- - 
9 6 58 8 23 0 1 6 1  3 6  10 7 -- - - -- --- - - ----- -- - 
3 4 2 2 6 5 23 7 - - - - - - -- -- - -- -- - - 

5 9 47 0 - ----p-p----p-p-p----- 

9 1  1 1  0 9  2 6  2 2  -- - --- - --- 5 3 .- .-- -- - - - - - - 
7 9 11 0 29 0 

-- -- -- -- - --------------- - - 
5 6 17 0 

5 7 
- -- - -- -- - - --- -- -- 

32 9 7 0 16 9 - -- - - - - - -- - - - - - - - - - - - - - 

. - - - 
6 0  7 5  1 0  

- - -- - - - - - - - - -- - - - -- - - - 
1 7  2 0 66 0 25 3 - - - - - - - - - - - - - - -- - - - - - - -- - - - -- - - 

- - 
8 3 

- - - - - - - -- -- 2 5 
- - - -- - - -- - - 

- - 14 6 - - --- ---- - - - - -  

- - 
1 6 0  7 0  

- - - -- - - -- - -- - -- -- - - 
8 4 

- -- - - - - - -  - - - ---- -- - 

15 0 
- - -- - - - - - -- - -- - - 

39 1 7 4  9 0  3 0  6 5  19 0 
26 0 

- -- -- -- -- -- - L  - -  - 
1 7 0  3 1 5  1 0 3  

- - - - - - - - - - - -- ---- 
1 ..,.- - 

27 5 
- - -  L 

3 9 0  8 4  
- - -- - --- ,..- 

1 3  1 7 4  5 3  151  4 2 3  2 4  --- -- - - -- -- - - - - - - - - - I 

- - - 
2 5 I 

- - - - ----- ---- - ---- - 
-- - - 

10 0 - - - - - - - - - -- -- 1 ~,..-.,..+, 

- - - - 
5 0 

- - - - -- - - - - - - - -- -- r, *,, , 

1 - 25 0 14 6 
- - - - -- - - - -- - - -- - - - - - -- 

28 9- 87 0 - - - - - - - - - - - - - - - - 2 3  7 0  -- -- - -- - - - - - - - - -- - - - 8 - 
7 2 5 2  151  

5 7 7  1338 149  6 7 0  2124 1696 1492 1573 1194 1446 7 4 2  4 0 0  
- - - - - - - - - - -- - - - - - -- - - 

3 9 3 3 9 7 13 11 8 8 6 3 

Sortrce Meleotologrcal Office Krrigston and Mr Johtuon Negrrl 

no data 
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the mouth of the river (Stat~on NG-11) to 32 ppt east of the footbr~dge (Stat~on NG-22) The salinity 
of ocean water In Long Bay 1s 35 ppt All sallnity measurements varied to some extent depending 
largely on ramfall patterns, but essentially showed that the water in the rlver consists largely of near- 
ocean water w ~ t h  a comparatively thin surface layer conslstlng of a mlxture between ocean and 
freshwater The th~ckness of the surface layer appears to be less than 0 5 meters (although was not 
studled In detail) 

The flow of water In the South Negr~l R~ver  1s tldal Durlng incoming t~de,  rlver water does not 
enter the ocean except posslbly during very large rainstorms with a large amount of stormwater 
runoff During the outgolng t~de,  the rlver slowly discharges Into the ocean Rates of discharges 
durlng outgoing t ~ d e  were not located, the rates vary depending on tldal condit~ons, hydraulic 
gradient in the watershed, and other factors Upon entry of the river water into the ocean, the water 
forms a brown tra~l parallel to the coast The trail 1s referred to in the text as a 'plume' The brown 
plume moves either toward the west, parallel to the cl~ffs (Figure 6-I), or toward the north, parallel 
to the beach (F~gure 6-2) The plume was observed to be up to one kilometer long and less than 200 
meter w ~ d e  

The d~rect~on of the plume (northward vs westward) appears to be determined by tidal conditlons 
as well as by w~nd  condit~ons and the preva~llng clrculat~on pattern In Long Bay Information about 
the variabll~ty of these factors and the~r  relative effect on the d~rection of the river plume has not yet 
been located or ~nvestlgated 

6 2 3 Faecnl Colrform 

During Sampllng Event 1, samples were only collected from the Community Centre Beach, as 
requested in the Terms of Reference However, lt became apparent durlng the study that In order 
to understand the mechanisms that determine the concentrations along the beach ~t was essential to 
also obtain data from the South Negril River and the ocean water along the cliff, west of the mouth 
of the South Negrll Rlver In addltlon, dur~ng days when the brown rlver plume was observed along 
the beach, samples were collected throughout the entlre length of the plume, well beyond the llmlts 
of the Commun~ty Centre Beach 

Data and stat~stical averages for each sampling event are presented in Attachment C, a summary of 
the data 1s presented In Table 6-2 and F~gures 6- 10 to 6-12 

Dry Weathei Condrtrons 

Soztth Negrrl Rrver The h~ghest faecal col~form concentration In the South Negrll Rlver were 
measured close to the mouth of the river (Statlon NG-11) Concentrat~ons ranged from 120 to 
12,300 col/l00 ml with a geometric mean of 970 co1/100 ml H~gh faecal collform concentrations 
were also measured occas~onally up to 1 5 h further upstream (Statlon NG-12) In the m~d-sectlon 
of the rlver (Stations NG-17 to 20), faecal col~form concentrations were generally lower Faecal 
collform concentrations increased agaln toward the Town of Sheffield (Stat~ons NG- 14,2 1,22) 
Concentratlons at the mouth of the river (Stat~on NG-10) were lower than 250 m upstream (Stat~on 
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Table 6-2 

Faecal Collform Concentrat~ons In Negrll (Statrstrcs) 
Communrty Center Beach 

12 1997 

FAECAL COLIFORM (colllOOml) 
(Berger & NWC samples from Oct 3 and Nov 2) 

Welghted 1 Percent of  samples 
Geometric Mrnl Maxr- above 200 above 400 

Mean Count mum mum colllOO ml  co11100ml 

SAMPLING EVENTS 2 to 4 September 

Locatron 

28 to 

Statton 
No 

NG 37 

NG 36 

NG 34 

NG 28 

NG 33 

NG 27 

NG 32 

N G 1  
NG 31 

N G 3  

NG 30 

N G 5  
NG 25 
N G 7  

NG 29 

NG 8 

NG 9 

NG 26 

NG 15 

NG 23 

NG 24 

NG 10 
NG 11 

NG 18 

NG 12 

NG 17 

NG 19 
NG 13 
NG 20 
NG 14 

NG 21 
NG 22 

All Weather 

5 2 

2 2 

11 3 6 26 

2 4 0 43 

37 2 

16 1 

17 1 

64  12 0, 3 130 

10 1 

5 12 0 230 

13 1 
6 12 0 330 

43 3 10 60 

7 12 0 350 

15 1 

I", 12 0 510 

224 12 13 1100 

18 7 0 280 

13 12' 0 450 

1 8 0 5 

1 8 0 5 

366 12 5 1 775 

965 12 119 12273 

107 8 5 580 

304 12 1 18 090 

145 8 10 1 420 
189 7 60 670 
90 8 12 500 

116 7 30 470 
552 9 210 8800 

234 6 125 530 
359 3 250 530 

North of 

Communrty 

Center Beach 

Community 

Center 
Beach 

South Negrrl 

River 

plume 

South Negrll 

River 

upstream 

December 

Water 
Depth 
(appr 

m) 

0 8 

1 6 

0 8  

0 8  

0 8  
1 6  

0 8  

1 6  

0 8  
1 7  
0 8 

2 0  

0 8 

>6 

>6 

0% 0% 

0% 

8% 8% 

8% 0% 

8% 0% 

0% 
8% 0% 

17% 8% 

67% 25% 

14% 0% 

25% 8% 

0% 0% 

0% 0% 

75% 75% 

92% 83% 

25% 13% 

50% 50% 

38% 25% 
57% 14% 

38% 13% 
29% 14% 

100% 44% 

33% 33% 
100% 33% 
FC ALL97 XLb 1l7198 10 

1 500 m from mouth of S N Rrver (to Negrrl Gardens Hotel) 5m from shore 

1 250 m from mouth of S Negrll Rlver (to Sandr San Hotel) 5m from shore 

1 000 m from mouth of S N River (at Bar B Barn Hotel) 5m from shore 

750 m from mouth of S N Rlver (at Travellers Hotel) 30m from shore 

750 m from mouth of S N Rrver (at Travellers Hotel) 5m from shore 

600 m from mouth of S N R~ver (at Coral Seas Hotel) 30m from shore 

600 m from mouth of S N Rlver (at Coral Seas Hotel) 51-17 from shore 

450 m from mouth of S Negrll Rrver 30m from shore 
450 rn from mouth of S Negrrl Rrver 51-17 from shore 
340 m from mouth of S Negrrl Rrver 30m from shore 
350m from mouth of S Negrrl Rrver 5m from shore 

230 m from mouth of S Negrll River 30m from shore 

240 m from mouth of S Negrrl Rlver 5m from shore 

130 m from mouth of S Negrrl Rrver 30m from shore 

140 m from mouth of S Negrrl Rrver 5m from shore 

50 m northwest of northern jetty of river 

50 m west of river mouth 

250 m west of river mouth 

450 m west of river mouth 

800 m west of river mouth 

1 300 m west of river mouth 

mouth of rrver 

250 m from mouth at N B Blvd bridge 

900 m upstream from mouth 

1 500 m upstream from mouth 

1 800 m upstream from mouth 

2 300 m upstream from mouth 

2 800 m upstream from mouth 
3 200 m upstream from mouth 

3 800 m from mouth at NWC ponds 

4 400 m upstream from mouth 
4 700 m upstream from mouth 

Not available or not applicable 
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NG-1 I), due to dllut~on of the river water with ocean water at the mouth, spec~fically during 
incoming tides 

Comrnzrnrty Centre Beach The faecal coliform concentrations along the beach ranged mostly from 
0 to 350 co1/100 ml, one slngle sample on December 9 was measured wlth 3,130 co1/100 ml (Table 
6-2, Figure 6-10) Most of the time, the faecal coliform concentratlons along the beach did not 
exceed the USEPA standard of 200 co1/100 ml (Figure 6-1 1) There was a d~stinct difference 
between the tlmes when the rlver plume was movlng along the beach ("brown-water conditlons") 
and when it was not ("blue-water conditions") (Figures 6-6 to 6-9) 

Blue-water condrtrons' During such condlt~ons, the water along the beach was turquoise blue 
like the ocean water and the salinity along the beach reflected 'pure' ocean water (35 ppt) The 
faecal coliform concentrations along the beach were generally close to 0 co1/100 ml The water 
was safe for swimmlng 

Brown-water condztzons The brown color In the water from the river varied depending on 
the amount of river water mixed wlth ocean water On days with traces of brown rlver water 
("llght-brown conditions"), the faecal coliform concentratlons increased to double-d~git values, 
yet did not exceed the USEPA standard (e g , on October 30, Attachment C) The hlghest 
faecal col~form concentrations were measured on December 8 and 9, on both days the color of 
the water was distinctly brown (F~gure 6-9) Concentrations exceeded the USEPA standard on 
October 8 at Station NG- 1 with 3,130 co1/100 ml and on December 9 at Stations NG-5 and NG- 
7 (Flgure 6-12) The faecal coliform concentration at any statlon north of the Community 
Centre Beach never exceeded the standard Due to the high concentratlons measured on 
October 8 and 9, the faecal coliform concentrations In all samples were 8% of the time over the 
USEPA standard (Flgure 6-1 1) However, please note that brown waters were only 
encountered on two of the 13 sampl~ng days 

Wet Weather Condrtions 

Sotrth Negril River - October 3 Faecal col~form concentratlons in the rlver were considerably higher 
than during dry weather conditions 

Sotrth Negrrl Rzver - Noverrlber 2 Faecal col~form concentrations In the river 18 hours after the 
rainstorm were not sign~ficantly different than faecal coliform concentrations during dry weather 
conditlons Thls may be be a result of the fact that the rainfall occurred only locally, not In the entire 
watershed of the river 

Commt{nlty Centre Beach - October 3 Faecal coliform concentratlons along the beach were 
between 20 and 70 co1/100 ml The plume of the rlver water movlng westward at the time of 
sampling These data indlcate that the direct~on of the river plume may be more important for the 
water quality along the beach than rainfall This indication need to be investigated further, however 

Cor~ltnzntrty Centre Beach- November 2 Faecal coliform was not detected along the beach when ~t 
was sampled I8 hours after the rainstorm 
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As~de from the color of the water, s a l ~ n ~ t y  appears to be a useful tracer for water quallty along the 
beach (Figure 6-13) The s a l ~ n ~ t y  in the water IS a funct~on of the degree of d~lutlon of the rlver 
water In the ocean Generally, the b~gher the salinity along the beach, the more the col~form-laden 
river water is diluted by 'col~form-free' ocean water Wh~le  subtle d~fferences In ocean color are 
difficult to quantify, lower sal~nity values along the beach correlate w ~ t h  hrgher faecal coltform 
concentratlons Slnce only two days wlth brown water were mon~tored, the data are st111 llmlted 
W~th  addltlonal data, it appears that sal~nrty could be developed Into a s~mple-to-use management 
tool for the Communlty Centre Beach 

Clearly, the water qual~ty along the Community Centre Beach IS determined by the d~rectlon of the 
plume of the South Negrll R~ver upon entry in the ocean When the plume is absent or moves to the 
west, the water along the Communlty Centre Beach IS turquoise blue and the faecal c o l ~ f o m  
concentrat~ons are very low, I e , the water 1s safe for swlmmlng When the plume moves to the 
north, parallel to the beach and the water along the beach IS brown, the water may exceed the 
USEPA standard of 200 co1/100 ml Generally, ~t appears that the faecal col~form concentratlons 
do not exceed the USEPA standard when the waters are only llght brown When the water along the 
beach 1s deeper reddlsh-brown, the rlver water is less drluted and faecal collform concentratlons are 
hlgher, at t~mes  exceed~ng the USEPA standard Please note, however, that data dur~ng "brown 
water cond~t~ons" are st111 Irmlted, data for "blue water cond~t~ons" are suffic~ent 

The faecal collform that 1s transported to the ocean by the rlver appears to enter the rlver from 
sources in the downstream sectlon, I e , the community of Negrll abuttlng the rlver Potentlal polnt 
sources are plpes along the rlver from the exlstlng sewage treatment plant In Whlte Hall, smaller 
hotels along the Norman Manley Boulevard, and posslbly other developments These p~pes  are not 
vlslble from the surface, however 

A second source appears to be runoff and non-polnt source d~scharges from the Town of Sheffield, 
as lnd~cated by h~gher faecal collform concentrations In the upper sectlon of the rlver than In the 
mld-sectlon 

Other non-polnt sources durlng rainstorms may be runoff from anlmal farms adjacent to rlver 

The maln polnt and non-point sources enterlng the river should be ldentlfied Thls survey should 
be conducted both In the vlclnlty of the Town of Negr~l and the Town of Sheffield Po~nt  sources 
should be mitigated to the extent posslble Rerouting of d~rect surface d~scharges to ~nfiltratlon 
baslns or plts may be a cost-effect~ve opt~on to reduce contamination Some of the polnt sources 
may be removed once the new sewage treatment plant comes on llne Such polnt sources could be 
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Faecal Collform Concentratlon and Salln~ty 
along Community Center Beach 

100 200 300 400 

Faecal Colrform Concentrat~on (co1/100 ml) 
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hotels and other establishments that discharge sewage Into the downstream sectlon of the rlver, 
these establishment should be connected to the new system In the future Gwen that the rlver IS 

dralnlng largely rural areas and that the river faecal col~form concentratlons are typ~cally below 
1,000 coV100 mi, reduclng the sources for faecal col~form as a means to Improve the faecal colifon 
concentratlons along the beach should be mewed as feasible option over the medium term 

6 4 2 Benclt Management 

In the short term, the beach should be managed Management optlons should be s~mple and easy to 
Implement The llmlted data up to the present show that the water durlng 'brown-water cond~tions' 
could exceed the USEPA standard for swlmmrng At the same tlme, the faecal col~form 
concentratlons along the beach appear to relate to sallnlty We recommend to obtaln add~t~onal 
detalled data that focus on the rlver plume at different tidal stages and the corresponding sallnlty 
If Indeed a strong relat~onshlp between faecal collfom and salin~ty can be establlshed, salinity along 
w ~ t h  color could become a slmple management tool for local organizations Salln~ty can be 
measured dlrectly wlth~n 10 seconds, faecal collform measurement requlre a laboratory and would 
not be available for 24 hours 

Encouraging is also that faecal collforrn concentratlons durlng 'brown water cond~tions' only 
evceeded the USEPA standard along a stretch of 400 m from the mouth of the rlver, even though 
brown water was found along the beach for more than twlce that distance T h ~ s  condltlon should 
be confirmed through faecal coliform analyses of addlt~onal 'brown-water cond~tlons' The 
cond~tlons along the Commun~ty Centre Beach are Ideal for the ~mplementatlon of a 'low-intensity' 
management plan 

The effect of ram on faecal col~form concentratlons In the rlver has not yet been establlshed Ram 
water 1s llhely lncreaslng the faecal col~form concentratlon Hlgher faecal col~form concentratlons 
at the rlver mouth result in hlgher concentratlons In the plume (even after dllutlon w ~ t h  ocean water) 
compared to dry weather conditions However, glven the fact that the rlver 1s ttdal and thus the 
stormwater does not necessarily dram lmmedlately into the ocean, the effect of the stormwater 
runoff on the faecal col~form concentratlon In the ocean may be reduced Samples collected just 
before and after a few rainstorms should answer the questlon of the role of rain on the water quality 
along the beach 

6 4 3 New Treatnzent Plant 

The effluent and the performance of the new sewage treatment plant should be carefully monitored 
(once the plant 1s operational) to assure that ~t does not become a new source If the faecal collform 
conceiitratlon In the effluent 1s 200 co1/100 ml as planned, there should be no Impact on the water 
quallty of the beaches 

6 5 Suggested Actlv~ties for Development of Beach Management Plan 

As part of t h ~ s  project we recommend the following actlvlt~es toward the goal of safe swimmlng 
conditions along the Commun~ty Centre Beach (and beaches further to the north) 
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IdentlJicatlon of the nlarn polnt and non-pornt sources that enter the South Negrrl Rrver T h ~ s  
survey wlll consist of a lnformatlon search and field survey It may also requlre a dye study 
to trace potentla1 sources We wlll work closely w ~ t h  organlzatlons and author~tles in Negrll 
for tracklng these sources 

Collectron of wet weather data Samples durlng and at different intervals after a rainstorm are 
needed The survey would Include tracklng of the stormwater discharge and the d~rection of 
movement of the rlver plume enterlng the ocean Sallnity measurements would be made in 
conjunction with the collect~on of faecal collform samples In addlt~on, visual observations 
would be recorded (such as color of water, garbage d~str~bution, turb~dity, etc ) as other tracers 
of movement Further, a tlde gage would be deployed to record tidal condltlons cont~nuously 

Collection of addztlonal br own-water condrtrons data Samples for faecal collform analyses 
durlng additional 'brown-water condltlons' would be collected from the beach area Salinlty 
measurements would be made at the same tlme, both In the field and In the laboratory on the 
collected samples A correlat~on would be established for sallnlty and faecal collform for 
beach management Data would be collected also from the entire length of the plume Dry 
weather data suggest that concentrations dlmtnish rapldly with d~stance down the beach from 
the rlver Only a portlon of the beach may need to be managed 

South Negrrl Rrver data base A data base wlth exlstlng data about the South Negrll River 
would be establ~shed Thls data base would lnclude the information about flow rate, t~dal  
range, and water quality It would also include lnformat~oi~ about factors that Influence the 
dlrectlon of the plume such as tldes, wind and currents, etc In add~tion, In cooperation wlth 
the Negrll Area Environmental Protection Trust WEPT) and/or the Negrll Coral Reef 
Preservation Soc~ety (NCRPS), a s~mple vlsual monltorlng programme would be established 
to determine the frequency of 'brown-water conditions' along the beach Thls programme 
would cons~st of recording t~dal  elevation, water color, salinity, and wind condltlons several 
tlmes a day at the beach Thls data base would subsequently be revlewed to determine the 
frequency with whlch unsafe condit~ons may occur along the beach The complete data base 
would also be rev~ewed to determine  fa more detailed oceanographic survey was advisable 
to better understand the var~abllity in the movement of the plume 

Other rndrcators for pathogens Durlng our study, analyses were also performed for 
enterococcos as another indicator These data are currently still belng synthesized We plan 
on processing these data and comparing them w ~ t h  the faecal col~form results as a second 
lnd~cator for pathogens 

Rar~fail analyses We plan to conduct statistical analyses of exlstlng ramfall records collected 
over the last years at the South Negrll Lighthouse and from the watershed of South Negrll 
River ( ~ f  available) to determine the frequency and d~strlbutlon of rainstorms In the area 
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Long-term monltorlng 1s des~rable for the management and the protect~on of publlc health at the four 
beaches Such monltorlng should start once the range of conditions along each beach as investigated 
In thls study 1s fully understood and a Beach Management Plan has been developed Monitor~ng 
should presumably be conducted by the NRCA, posslbly In collaboration w ~ t h  local NGOs 
Mon~toring should be done for the different types of common cond~t~ons along each beach For all 
beaches mon~torlng should be done durlng dry and wet weather cond~t~ons Samples should also be 
taken from the most sign~ficant coliform sources, such as the Turtle Rlver, South Negrll Rlver, and 
the stormwater dramage plpe In Ocho Rlos 

The monltorlng frequency should be ta~lored to the expected vanab~l~ ty  of collform concentrations 
and patterns of beach use NRCA's current beach monltor~ng frequency of 3 months IS consldered 
adequate for dry weather monltorlng Addlt~onal monltor~ng should be scheduled for selected raln 
events, however In addltlon, In Negrll, sampllng should be conducted durlng 'brown-water 
condltlons' Ram and brown-water sampllng events are not very predictable Therefore, they requlre 
that sampllng equipment and staff are prepared to go sampling on short notrce At the same t~me,  
the laboratory should have suffic~ent capaclty to handle add~tlonal samples 

Gwen that add~tional data are expected to be collected for thls study, we would llke to defer our 
recommendat~ons for detalled slte-specific monltor~ng plans at t h ~ s  time The addltlonal data 
hopefully to be collected as part of t h ~  study w~l l  ~nclude wet weather data, the lnformat~on provlded 
by such data should be cons~dered to assure that long-term mon~tor~ng will provlde the lnformatlon 
deslred 
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All four beaches have water quality problems under certain cond~tlons These condit~ons are 
d~stlnctly different at each one of these beaches The only common problem at these four beaches 
IS that ramfall generally causes the faecal collform concentratlons to increase The amount of 
Increase depends of the proximity of the beach to stormwater runoff pathways (such as rlvers, 
gullles, and drainage plpes) 

The good news IS that measures can be Implemented to efther reduce the sources of coliform to these 
beaches, and/or to manage these beaches to reduce the rlsk to human health durlng adverse 
conditions Gwen that the causes for the water quallty problems vary between the beaches, 
reduct~on measures and management options are speclfic to each beach 

For Turtle Beach, the maln source reductlon measure consists of rerouting the maln stormwater 
dralnage plpe that currently enters the bay For Sallor Hole Beach, source reductlon measures 
consist of reduclng the collform loads to the Turtle Rlver from abuttlng establishments and 
residences For the Walter Fletcher Beach, source reductlon measures conslst of ldentlfylng and 
el~minatlng the source for sporad~c hlgh faecal collform concentratlons, and invest~gating the 
significance of the stormwater dralnage plpes durlng wet weather In the long-term, a reductlon of 
collform loadlng to North Gully is desirable For the Community Centre Beach, source reduction 
measures conslst of ldentifylng and removing the maln polnt sources of collform to the South Negr~l 
River 

Wh~le  source reduction will Improve the water qual~ty In the medium-term, they will not be 
sufficient to avold occasional occurrence of high faecal coliform occurrences along the beach 
Therefore, each of the four beaches should have a management plan that clearly ldent~fies condlt~ons 
when the water along the beach is safe for swimming, and when precautions are to be taken Much 
of the basellne data so far gathered In t h ~ s  study wlll form a basls for these management plan 
Clearly, however, additional data need to be collected for specific condit~ons In order to be able to 
address approprlate measures to be taken In each of these plans The type of addltlonal data IS 

discussed in the text The management plan would also speclfy slte-speclfic mon~torlng 

With a management plan In place and wlth the ~mplementat~on of spec~fic source reduction 
measures, these beaches can remaln a resource wlthout adverse rlsks to human health 
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ATTACHMENT A 

Faecal Coliform Concentrations 
and Distribution 

by Sampling Event: 

OCHO RIOS 
(Sazlor Hole Beach, Turtle Beach, 

and Surroundzng Areas) 

Loztrv Berger International Inc 



Table A- I  

Faecal Collform Concentratlons In Ocho Rlos Bay (co1/100 ml) 
Turtle Beach and Sarlor Hole Beach 

SAMPLING EVENT 1 (Reconna~ssance) August 26 to 29 1997 

NOTES 
(1) Raln started to pour heavlly at 11 20h after completron of sampllng of most of the stat~ons In the bay but before sampllng the streams 

Turtle Rlver had turned brownlsh and had some floatlng debr~s but no raw sewage Its flow rate was 0 57 m3lsec (20 cublc feet per second) 
(2) The flow rate was approximately 0 7 m31sec (25 cfs) The water was a l~ttle more brownlsh (I e carrled more slit than durlng the sampllng one hour earller) 

The sal~n~ty of the rlver water was 0 ppt the temperature was 25 deg C and the conduct~v~ty was 400 uSlcm 
(3) NAYA CanadIan Sprlng Natural Water The bottle was opened for the first time just before sampllng 
(4) Concentrat~ons too h~gh Also blank sample had a faecal col~form concentratlon of 103 ~011100 ml when ~t should have been <2 ~011100 ml 

Therefore data are only shown for completeness but cannot be used for management declslons 
(5) Ram fell on and off durlng the prevlous day The amount of raln at Cole Gate (6 km south of Ocho RIOS) was 2 5 rnm 
(6) Runs 1 and 2 represent dupl~cate samples from a speclfic statlon collected at the same tlme 

TNTC Too numerous too count (lndlcated comparatively hlgh concentrat~on) 
No samples collected or no lnformatlon 

FC AUG97 XLS 1/7/98 9 26 PM 

Fr~day 

Stat~on 
No 

OR 9 

OR 1 

OR 10 

OR 2 

OR 3 

O R 4  

O R 5  

OR 8 

OR 8 
OR 6 

OR 7 

OR 9 

OR 10 

O R 1 1  
OR 12 

OR 13 

O R 1 4  

O R 1 1  

OR 16 
OR 15 

Water 
Depth 

faPPr 
m) 

1 2  

1 2  

nla 

1 5  

3 0  

> I5  

> I5  

0 3 

0 3  
0 3 

nla 
3 0  

1 3 

2 1  
2 0 

10 0 

3 0  

> I5  
2 0  

Locat~on 

Ram1 
Notes 
dry1 
wet 
(5) 

Sampl 
Tlme 

(h) 

6 30 

6 32 

6 58 

6 54 

6 36 

6 43 

6 40 

6 00 

Sa~lor Hole 

Beach 

Turtle R~ver 

Sallor Hole R~ver 

Turtle Beach 

Dupl~cate 
Blank 

Tuesday 
29 Aug 

Faecal Collform 
Concentration (6) 

(col/l00 ml) 
Kolbusch / Kolbusch Mean ' 

Lab Lab (Runs 1 
(Run I )  I (Run 2) and 2) 

1 
3201 215 268 

1801 80 130 
I 

1 
I 
I 

>20 7851 1 500 > I 1  000 

1 
6201 TNTC >620 

52) 46 49 

1 
2631 254 259 
3951 410, 403 

I 
1 
I 
I 

<21 <2 c2 

10 m from publlc beach 

20 m from publlc beach 

40m from publlc beach 

25 m from fishermen s beach 

west of fisherman s beach 

western cruise shlp pler 

eastern cruse shlp pler 

20 m upstream from ~ t s  mouth 

(later sample at Station OR 8) 

30 m upstream from rts mouth 

center near boat pler 
west near Sand Castles 

center near glassbottom boat area 

east near Renaissance Hotel 

center near glassbottom boat area 

central bay 100 m from shore 

beach north of groln 

10 m off groln 
(Dupl~cate of Stat~on OR 12) 
(Pure Water Sample) 

26 Aug 

Ram I Notes 

Rarn fell for 1 hr appr 1 hr earher (I 2) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

Raln started 37 mln earher (I) 

Ram fell for 1 hr appr 1 hr earl~er ( I  2) 

Raln started 30 mln earher (1) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 
2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

2 weeks ago (appr ) 

(3) 

Sampl 
Tlme 

(h) 

1250 
1014 

1039 
1021 

1031 

1033 

1035 

11 37 

1250 

11 30 

1118 
1048 

10 51 
1101 

10 58 

11 05 

1113 

1109 

1058 
11 42 

Faecal Col~form 
Concentration 

(col/IOOml) 

NWC Kolbusch 
Lab Lab (3) 

35 
180 3 540 

16 

230 183 

200 107 

58 I 270 

60 137 

5 500 TNTC 

>400 

r20  000 360 

79 307 

c2 87 

<2 53 

2 593 

c2 113 

<2 952 

3 30 
<2 
<2 17 
<2 103 



reach I 25 m from fishermen s beach 

western crulse shlp pler 

Table A 2a 

Turtle R~ver 

Sa~lor Hole 

Rlver 

Turtle 

Beach 

Fern Gully 

channel 

Duplrcates 

Blank 

Faecal Col~form Concentrat~ons In Ocho Rlos Bay (co1/100 mi) (Data) 
Turtle Beach and Sarlor Hole Beach 

SAMPLING EVENT 2 28 September to 3 October 1997 

20 m upstream from ~ t s  mouth 

small tributary 100 m from mouth 

at Da Costa Drlve br~dge 

30 m upstream from ~ t s  mouth 

sprlng bathlng area for fishermen 

confluence wlth sprlng water 

laundry mat d~scharge basln 

west near Sand Castles 

east near Rena~ssance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 m off groln 

entrance to boat harbour 

end of boat pler 

50m seaward from end of boat pler 

center of boat harbour 

125m seaward from end of boat pler 

eastern end of cruse sh~p landlng 

downstream at Ma~n Street br~dge 

upstream at Shell gas statlon 

(Dupl~cate) (3) 
Clean Buffer Sample 

Deptt 

OR 8 

OR 29 

OR 31 

OR 6 

OR 24 

OR 28 

OR 30 

OR 9 

OR 11 

OR 12 

OR 13 

OR 14 

OR 20 

OR 21 

OR 22 

OR 23 

OR 25 

OR 26 

OR 27 

OR 32 
OR 33 

OR 16 

OR 15 
NOTES 

dry I dry dry dly 1 dw dry wet (1) I wet (I) I 
LOUIS LOUIS LOUIS Lous LOUIS 1 1 ] Kol LOUIS LOUIS LOUIS 

Berger 1 Berger NWC Berger 1 Berger NWC Berger ( Berger Berger Berger 1 Bergerl NWC I NRCA I busch Berger Berger I Berger 

100 50 42 92 120 210 3601 35! 321 110/ 56 35 83001 2280 

Fr~day 
3 Oct 
6 30h 

0 0 0 0 0 0 0 01 01 < I  < 2  8 0 0 / 0 
Ram fell on October 2 between 21 00 and 22 30h total ram amount was 20 mm 

Thursday 
2 Oct 

6 45h 20 20h 23 15h 

The samples collected durlng the following mornrng are also cons~dered wet weather samples 
(2) Statlons OR 1 to OR 27 were collected between 7 OOh and 7 30h stat~ons OR 28 to OR 34 were collected between 7 30h and 8 45h 
(3) Dupl~cate statlons OR 16 was a duplicate always of OR 12 w~th  the except~on of 9128pm (dupl of OR 14) and 1012am (dupl Of OR 11) 
ed Ed~ted due to apparent analytical error 

Not ava~lable or not applicable 

Sunday 
28 Sep 
1830h 

FC SEP97 XLS 1/7/98 9 27 PM 

Tuesday 
30 Sep 

645h 1915h 

Monday 
29 Sep 

630h 2110h 

Wednesday 
I Oct 

715h(2) 1510h 2015h 



Table A 2b 

Faecal Col~form Concentrat~ons In Ocho RIOS Bay (co1/100 ml) (Statrstrcs) 
Turtle Beach and Sarlor Hole Beach 

SAMPLING EVENT 2 28 September to 3 October 1997 

FC SEP97 XLS 4/7/98 9 27 PM 

Statlon 
No 

OR 1 

OR 2 

OR 4 

OR 5 

OR 8 

OR 29 

OR 31 

OR 6 

OR 24 

OR 28 

OR 30 

OR 9 

OR 11 

OR 12 

OR 13 

OR 14 

OR 20 

OR 21 

OR 22 

OR 23 

OR 25 

OR 26 

OR 27 

OR 32 

OR 33 

OR 16 

OR 15 

Geom M I ~ I  Max1 

Mean Count mum mum 

dry weather only 

all Berger samples 

104 9 35 360 

68 9 28 180 

56 9 19 115 

101 9 35 380 

2 186 9 1400 3 400 

5 1 

90 1 

386 9 220 770 

2 9 0 13 

170 1 

5 600 1 

10 10 1 600 

5 10 0 180 

11 10 0 720 

I 1  10 0 530 

3 9 0 47 

4 10 0 260 

28 10 0 270 

32 10 0 1400 

6 10 0 510 

40 1 

10 5 0 76 

10 5 1 110 

4 000 1 

11 000 1 

Locat~on 
STATISTICS 

Geom MI~ I  Max1 

Mean Count mum mum 

dry and wet weather 

all Berger samples 

204 11 35 8 300 

98 11 28 1200 

90 11 19 2000 

180 11 35 15 000 

3 648 11 1 400 194 000 

5 1 

90 1 

509 11 220 3 500 

3 11 0 20 

170 1 

5 600 1 

15 12 1 600 

I 1  12 0 1600 

15 12 0 720 

19 12 0 530 

5 11 0 100 

10 12 0 2700 

49 12 0 4 000 

56 12, 0 1900 

12 12 0 1200 

40 1 

25 7 0 680 

27 7 1 610 

4 000 1 

11 000 1 

Sa~lor Hole 

Beach 

Turtle Rlver 

Sa~lor Hole 

R~ver 

Turtle 

Beach 

Fern Gully 
channel 

Dupl~cates 

Blank 

20 m from publlc beach 

25 m from fishermen s beach 

western crulse shlp pler 

eastern cruise shlp pler 

20 m upstream from ~ t s  mouth 

small tr~butary 100 m from mouth 

at Da Costa Drlve brrdge 

30 m upstream from ~ t s  mouth 

sprlng bathlng area for fishermen 

confluence wlth sprlng water 

laundry mat discharge basln 

west near Sand Castles 

east near Rena~ssance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 m off gro~n 

entrance to boat harbour 

end of boat p~er 

50m seaward from end of boat pler 

center of boat harbour 

125m seaward from end of boat pler 

eastern end of crulse shlp landlng 

downstream at Maln Street brldge 

upstream at Shell gas stat~on 

(Dupl~cate) (3) 

Clean Buffer Sample 



Table A 3a 

Faecal Colrform Concentratrons rn Ocho R~os Bay (co1/100 ml) (Data) 
Turtle Beach and Sarlor Hole Beach 

SAMPLING EVENT 3 26 October to 2 November 1997 

NOTES (I) Small amount of ram between 7 OOh and 8 30h Ram volume In downtown Ocho R~os was 0 02 
(2) Dupllcate stat~ons 10126 OR 1 10127am OR 23 10127pm OR 23 10128am OR 5 10128pm OR 23 

10129am OR 4 10129pm OR 4 10130am OR 4 10130pm OR 5 10l31am OR 12 10131m1d day OR 4 
Not available or not applicable FC OCT97 XLS lUW8 9 30 PM 

Fr~day 

31 Oct 

6 30h 1045h 

dry1 

. , .  

dry wet(1) 

LOUIS 
Berger NWC 

81 420 

42 438 

210 380 

109 104 

7 700 7 727 

300, 400 

6 116 

28 62 

142 < I  

21 < I  

4 

6 

15 7 

360 3433 

120 2 

120 

9 

150 208 

Thursday 

30 Oct 

7 35h 22 15h 

dry 

LOUIS LOUIS 
Berger NWC Berger 

128 76 890 

901 118 5 2 :  

9001 1900 

1301 270 1020.  

28 OOO/ 40 000 40 000 

I 
1 

130, 660 

I 
I 

1 
121 6 

211 12 

201 48 2 

251 57 

0 1  8 
401 540 

611 40 

291 I 0 0 0 0  

l o o /  76 

I 
491 25 

401 16 

I 
I 

117 250 1 0 2 0  

I 

Wednesday 

29 Oct 

7 30 to 8 45h 18 35h 

dry dry 

LOUIS Kol LOUIS 
Berger NWC NRCA busch Berger 

112 250 80 >340 60 

61 138 80 >2415 240 

72 60 1 500 

31 30 110 >665 60 

15 000 17 818 > I  600 >7 300 23 000 

350 730 280 >965 580 

17 27 0 

I 

0 2 ~ 2 '  r55  13 

0 < I  I 

4 5 15 253 2 

0 < I  87 

1 2 0 

0 3 6 

I10  125 12 

200 500 1 360 

0 2 34 

0 < I ,  8 

11 23 23 

4 

56 27 130 >590 28 

130 > I  480 

0 < I  <2 0 

Tuesday 

28 Oct 

6 30h 19 20h 

dry dry 

I 
LOUIS 1 LOUIS 

~ e r ~ e r l  NWC Berger 

150 68 38 

1601 56 40 

51 1 2 600 

4501 70 

2 500  2 342 44 000 
I 

I 

5301 420 

I 0 

I 

I 1 4 

51 10 7 

61 8 2 

31 1 
I 

1231 6 

831 0 

121 23 

271 110 

5l 38 3 

I 
30' 22 

87 1 7 
I 

64 1 

Monday 

27 Oct 

6 25h 20 40h 

dV dry . 
1 

LOUIS LOUIS 
Berger I NWC Berger 

140 70 150 

42' 27 47' 

170 700. 

680 450 370' 

31 400  33 636 16 000 

430 90 560 

264 

2 200 

2 150 

10' 20 16. 

451 12 

4 '  1 3  

361 14 

28 53 

120 170' 

3 I 5 
I 

7 1 49 

14 54' 

1 8 

Locat~on 

Sa~lor Hole 

Beach 

Turtle River 

Sa~lor Hole 

R~ver 

Turtle 

Beach 

Fern Gully 

channel 

Duplrcates 

Blank 

Sunday 

26 0 c t  

14 OOh 

d r y .  

LOUIS 
Berger 

320 

12 

3 220 

1740' 

>20 000 

120 

2 

<2 

<2 

<2' 

<2 

<2 

<2 

<2 

1000 

<2 

<2 

<2 

60 

Stat~on 

No 

O R 1  

OR 2 

OR 4 

OR 5 

OR 8 

OR 29 

OR 31 

OR 6 

OR 24 

OR 28 

OR 30 

O R 9  

OR 11 

OR 12 

OR 13 

OR 14 

OR 20 

OR 21 

OR 22 

OR 23 

OR 25 

OR 26 

OR 27 

OR 32 

OR 33 

OR 16 

OR 1 

OR 15 

20 m from publlc beach 

25 m from fishermen s beach 

western cruse sh~p pler 

eastern cruse shlp pler 

20 m upstream from ~ t s  mouth 

small tr~butary 100 m from mouth 

at Da Costa Drlve br~dge 

30 rn upstream from ~ t s  mouth 

sprlng bathlng area for fishermen 

confluence w~th sprlng water 

laundry mat discharge bascn 

west near Sand Castles 

east near Rena~ssance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 m off groln 

entrance to boat harbour 

end of boat pler 

50rn seaward from end of boat pie 

center of boat harbour 

125m seaward from end of boat pt 

eastern end of crulse shlp landlng 

downstream at Ma~n Street br~dge 

upstream at Shell gas stat~on 

(Duplicate) (2) 
(duplrcate of OR 1) 

(Bolled Seawater) 

Water 

Depth 

bPPr 
m) 

1 2  

1 5 

> I5  

215 

0 3 

0 2  

0 3 

0 2 

0 2 

0 1 

3 0  

2 1 

2 0  

10 0 

3 0  

> I5  

0 05 

0 05 



Table A 3b 

Faecal Collform Concentrations In Ocho Rlos Bay (co1/100 ml) (Statrstrcs) 
Turtle Beach and Sailor Hole Beach 

SAMPLING EVENT 3 26 October to 2 November 1997 

FC OCT97 XLS 1/7/98 9 30 PM 

Locat~on 

Stat~on 

No 

OR 1 

OR 2 

OR 4 

OR 5 

OR 8 

OR 29 

OR 31 

OR 6 

OR 24 

OR 28 

OR 30 

OR 9 

OR 1 1  

OR 12 

OR 13 

OR 14 

OR 20 

OR 21 

OR 22 

OR 23 

OR 25 

OR 26 

OR 27 

OR 32 

OR 33 

OR 16 

OR 1 

OR 15 

Sailor Hole 

Beach 

Turtle R~ver 

Sallor Hole 

Rlver 

Turtle 

Beach 

Fern Gully 

channel 

Dupl~cates 

Blank 

STATISTICS 

Geom M I ~ I  Max1 

Mean Count mum mum 

dry weather only 

all Berger samples 

137 10 38 890 

58 10 12 240 

536 10 51 3 220 

227 10 31 1740 

17 853 10 2 500 44 000 

357 10 120 660 

5 5 0 264 

5 10 0 200 

6 10 0 150 

6 10 1 142 

9 10 0 87 

4 10 0 123 

8 10 0 540 

21 10 1 110 

265 10 27 >I0000 

9 10 0 120 

13 10 0 120 

14 9 1 87 

20 m from publ~c beach 

25 m from fishermen s beach 

western crulse shlp prer 

eastern cru~se shlp pler 

20 m upstream from lts mouth 

small tributary 100 m from mouth 

at Da Costa Drlve brldge 

30 m upstream from ~ t s  mouth 

sprlng bathlng area for fishermen 

confluence wlth sprlng water 

laundry mat discharge basln 

west near Sand Castles 

east near Renaissance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 rn off groln 

entrance to boat harbour 

end of boat pler 

50m seaward from end of boat pier 

center of boat harbour 

125m seaward from end of boat pler 

eastern end of cruse shlp landlng 

downstream at Maln Street brldge 

upstream at Shell gas statlon 

(Duplicate) (2) 

(dupl~cate of OR 1) 

(Bo~led Seawater) 



Table A 4 

Faecal Collform Concentrat~ons In Ocho Rlos Bay (co1/100 ml) 
Turtle Beach and Sarlor Hole Beach 

SAMPLING EVENT 4 December 7 to 12 1997 

NOTES (1) Ra~n tn the mounta~ns south of Ocho Rlos on Sunday The ram rate at Cole Gate (6 km south) were 12 mm the rate at Walkers Wood was 41 mm 
(2) Dupl~cate stat~ons 1217noon OR 4 1218am OR 4 1218pm OR 4 1219am OR 4 1219pm OR 12 

12110pm OR4 12111am OR 13 12112am OR 12 
ed Ed~ted due to qual~ty control problems 

Not available or not applicable 
FC DEC97 XLS 1/7/98 9 59 PM 

STATISTICS 

Geom M t n ~  Max1 

Mean Count mum mum 
. dry weather 

all Berger samples 

58 9 0 790 

211 9 0 14800 

190 8 45 6400 

203 8 12 23 000 

7 819 9 2100 23000 

764 9 320 3 900 

2 4 0 3 

23 8 4 130 

6 8 0 60 

7 8 0 250 

10 8 0 260 

2 8 0 130 

3 8 0 40 

20 8 2 210 

137 8 2 17900 

9 8 0 640 

7 8 0 99 

8 8 0 123 

Tuesday 

9 Dec 

6 50h 19 00h 

.. dry dry 

LOUIS ' Lours 
Bergerl NWC Berger 

460 ed 790 

5701 270 

2801 ed 56 

2301 360 

5,100 ed 11 000 
I 

1 

3 9001 1040 

1 
I 

1301 7 

3 I 2 

2301 ed 0 

651 I 

1301 0 

31; 0 

171 37 

1801 ed 3,200 

61 7 

241 2 
1 

431 19 

I 
I 

151 1 

, 

Fr~day 

12 Dec 

720h 

dry 

LOUIS 
Berger 

260 

470 

400 

830 

23 000 

3,000 

48 

60 

72 

80 

0 

40 

25 

83 

89 

99 

55 

63 

Wedn 

10 Dec 

17 50h 

dry 

LOUIS 
Berger 

30 

58 

230 

40 

6 000 

360 

2 

24 

0 

1 

0 

2 

2 

77 

2 

2 

0 

I 

50 

Thursday 

11 Dec 

625h 

.. d9' .. 

LOUIS 
Berger NWC 

21 ed 

310 ed 

53 ed 

12 

2,100 ed 

370 

36 

5 

250 ed 

66 

0 

3 

22 

6 

26 

54 

123 

89 

Sunday 

7 Dec 

12 30h 19 15h 

dry dry (1) 

LOUIS LOUIS 
Berger Berger 

0 36 

0 14800 

77 

45 

12,700 7,000 

820 320 

0 

291 
21 

0 

0 

2 

1 

2 

I 1  

0 

0 

0 

17 , 

Water 

Depth 

m) 

1 2  

1 5  

>I5 

>I5 

0 3 

0 2  

0 3 

0 2 

0 2 

0 1  

3 0  

2 1  

2 0  

10 0 

3 0  

>I5 

0 05 

005 

Monday 

8 Dec 

6 35h 1945h 

1, d r~, f I )  dry (1) 

LOUIS LOUIS 
Berger, NWC Berger 

38 60 190 

1501 590 

451 23 6 400 

" 8 6  86. 23 0 0 0  

4 200 650 18 000 

I 

3801 550 

2' 3 

4 1  20 

<2 1 58 

41 25 1. 

6 '  260:: 

<2 I I ,  

6 1 

2 210" 

1,1001 17 900 

]' <2i 22 640; 

6 1  24' 

6 I 

1 
I 

24' 500, 

Stat~on 

No 

O R 1  

O R 2  

O R 4  

O R 5  

OR 8 

OR 29 

OR 31 

OR 6 

OR 24 

OR 28 

OR 30 

O R 9  

O R 1 1  

OR 12 

OR 13 

OR 14 

OR 20 

OR 21 

OR 22 

OR 23 

OR 25 

OR 26 

OR 27 

OR 32 

OR 33 

OR 16 

OR 15 

Locat~on 

Sa~lor Hole 

Beach 

Turtle Rlver 

Sa~lor Hole 

R~ver 

Turtle 

Beach 

Fern Gully 

channel 

Dupbcates 

Blank 

20 m from publlc beach 

25 m from fishermen s beach 

western cruse shlp pler 

eastern crurse shlp pler 

20 m upstream from ~ t s  mouth 

small tr~butary 100 m from mouth 

at Da Costa Drlve brldge 

30 m upstream from ~ t s  mouth 

sprlng bath~ng area for fishermen 

confluence wlth sprlng water 

laundry mat discharge basln 

west near Sand Castles 

east near Renaissance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 m off groin 

entrance to boat harbour 

end of boat prer 

50m seaward from end of boat pler 

center of boat harbour 

125m seaward from end of boat p ~ e  

eastern end of crulse shlp landlng 

downstream at Maln Street br~dge 

upstream at Shell gas statlon 

(Dupl~cate) (2) 

(Boded Seawater Sample) 



60 - FC CONCENmRllON (co1/100ml) 

COASTAL WATER QUALITY MONITORING 

OCHO RlOS - Faecal Col~fo 



LEGEND 

STATION % 
5/ STATION LOCATION .-'- 11- FC CONCENTRAllON GEOMETRIC MEAN (co1/100 ml) 

530 - FC CONCENlRATION MAXIMUM (co1/100 ml) 

NOTE 
VALUE IN BR4CKm REPRESENT YNCLE ME4SUREHENTS 



. .  . 

r A l i I u n 1 ~ ~  

U S AGENCY FOR INTERNATIONAL 
DEVELOPMENT 

@- LOUS 8-R -NATIONAL, NC 

Techn~cal Support Services, hc 

3 
r, 

COASTAL WATER QUALITY MONITORING 

Icm Approx~mate = 120 meters Scale 

December 1997 

F~gure A-2b 

OCHO RlOS - Faecal Col~form (Dry Weather) 
Sampling Event 2 Sept 28 to O C ~  3, 1997 



LEGEND 

STATION # 
5 /  STATION LOCATION .--' 11- FC CONCENTRATlON GEOMEiRIC M W  (c01/100 ml) 

530- FC CONCENTRATION W I M U M  (co1/100 ml) 



'7 

11- FC CONCENTRAllON GEOMETRIC MEAN (co1/100 ml) 

530- FC CONCENTRAiION M I M U M  (COI/IOO m!) 

OCHO RlOS EfFECnNG WE WFjERN OCHO ROS @AY 

U S AGENCY FOR INTERNATIONAL 
DEVELOPMENT 

@- LOUS BERGER INTERNATIONAL, MC 

Technical hppott Servaes, hc 

COASTAL WATER QUALITY MONITORING 

Approxlrnate Scale 
l c m  = 120 meters 

December  1997 

F~gure A-4  

OCHO RlOS - Faecal Col~form (All Samples) 
Sampl~ng Event 4 Dec 7 to Dec 12, 1997 



U S  Agency for Internatronal Development Faecal Colform in Coastal Waters m Jamarca - Frnal Report (Drafi) 

ATTACHMENT B 

Faecal Coliform Concentrations 
and Distribution 

by Sampling Event: 

MONTEGO BAY 
(Walter Fletcher Beach, 
and Surroundzng Areas) 

Loiris Berger Internatronal Inc 





Table B-I 

Faecal Colrform Concentrat~ons ~n Montego Bay (co1/100 ml) 
Walter Fletcher Beach 

SAMPLING EVENT I (Reconna~ssance) August 26 to 29 1997 

NOTES 
(1) Remalnlng floatlng debr~s was a concentrated In thls area lncl some sewage 

FC AUG97 XLS 1/7/98 9 26 PM 

Thursday 

Location 
Stat~on 

No 

MB- 1 

MB- 2 

MB-3 

MB-4 

MB-5 

MB-6 

MB-7 

MB- 8 

MB-9 

Walter 

Fletcher 

Beach 

Duplicate 

Water 
Depth 

(aPPr 
m) 
0 3  

1 1  

1 5  

1 6  

1 6  

1 5  

1 0  

0 3 

1 0  

Notes 

(1) 

Sampl 
T~me 

(h) 
1224 

12 36 

1241 

1230 

1240 

1249 

1253 

13 06 

1253 

at northern groin entrance to beach 

northern corner 

northeastern corner 

center north 

center south 

southeastern corner 

southern corner 

at southern groln entrance to beach 

(dupl~cate of Stn 7) 

28 Aug 

Faecal 
Col~form 

Concen-tratlon 
(co1/100 ml) 

NWC Lab 
6 

60 

16 

24 

10 

2 

4 

20 

12 

Ramfall 

Heavy ramfall dunng the afternoon of 

the prevlous day (ramfall rate 23 rnrn) 
Walter Fletcher Beach was closed 

durlng the evening following the 

ram storm (the beach IS usually open untll 

22 OOh The cause given for the beach 

closure was floatlng debrls 



Table B-2 

Faecal Collform Concentrat~ons In Montego Bay (co1/100 ml) 
Walter Fletcher Beach 

SAMPLING EVENT 2 28-September to 3-October 1997 

NOTES 
(1) A trace amount of rain fell durlng the previous night some garbage was not~ced floatlng on the ocean around the mouth of North Gully 

According to local residents the flow in North Gully was not excessive however 

(2) Ram durlng the prevlous night 11 9 rnm) some floatlng garbage around the mouth of North Gully 

Location 

Not available or not applicable 

Station 
No 

MB 2 

MB 4 

MB 5 

MB 7 

MB 8 

MB 13 

MB 14 

MB 16 

MB 15 

MB 17 

MB 9 

Walter 

Fletcher 

Beach 

Dump up 

Beach 

North Gully 

One man Beach 

Duplicates 

FC SEP97 XLS 1/7/98 9 27 PM 

northern corner 

center north 

center south 

southern corner 

at southern groln entrance to beach 

at southern groin entrance to beach 

center of beach 

between N Gully and Dump up Beach 

10 m seaward from mouth 

center of beach 

(duplicate of Stn MB 7) 

Water 
Depth 

fappr 
m) 

1 1  

1 6  

1 6  

1 0  

0 3 

0 3 

1 2  

0 3 

0 3  

1 2  

1 0  

Monday 
29 Sep 

1100h j 1 7 4 5 h  
I 
I 

. dry I dry 
LOUIS I LOUIS 

Berger NWC I Berger 

0 I 0,. 
0 I 0 

I 
0 I. 
1 41 0 
3 

I 
I 0 

1 / 9 
0 I 0  

I 
I 
I 

I 
I 

I 
I 
I 
I 
I 

0 I 

Tuesday 
30 Sep 

IOOOh 1164511 
I 
I 

.. dry : dry 

LOUIS 1 I LOUIS 
Berger 1 NWC 1 Berger 

I 

5 31 0 

1 31 0 
4 131 0 

0 1; 0 
6 1  51 2 

1 ; 
10, 151 0 
41 <I; 0 

1 i 
1 [ 
I I 
I 

I 

STATISTICS 
Geom Minr Maxi 
Mean Count mum mum 

dry and wet weather 

All Berger samples 
& NWC samples from Oct 3 

1 7 0 28 

1 7 0 22 

I 7~ 0 10 
1 7 0 2 

5 7 0 232 

26 7 0 1700 

2 7 0 17 

1,200 I 

1 4 0 7 

Thursday 
2 Oct 

114Oh j1650h 
I 
I 

dry (1 )  : dry 

Louis / I Louis 
Berger NWC I Berger 

I 

01 I 1 0 
0 1 I 1 

r 
4 

O/ 0 
01 4; 1 
21 1 17 

1,1001 j 151 

41 1 17 

' i 
1 :  

I 

1 I 
I I 

0 / I 
I 

Friday 
3 Oct 

1 0 0 0 h  

drylwet 
(2) . 

NWC 

28 

22 

10 

2 

232 

707, 

5 

1 200 

7 



Table B 3 

Faecal Col~forrn Concentrations In Montego Bay (co1/100 ml) 
Walter Fletcher Beach 

SAMPLING EVENT 3 26 October to 2 November 1997 

NOTES 

(7) Duplrcate statrons 10126 MB 8 10127 MB 8 10128 MB 8 10129 MB 14 10130 MB 5 10131 MB 5 

(2) The cause for the hrgh concentratrons IS not known 

(3) The data for Walter Fletcher Beach ( ~ n  rtalrw) represent best estrmates srnce the concentratrons of colrform colonres on the filter were too numerous to count 

Not ava~lable or not appl~cable , 
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Locatron 
Statron 

No 

M B 2  

M B 4  

M B 5  

M B 7  

MB 8 

MB 13 

MB 14 

MB 16 

MB 15 

MB 17 

M B 9  

Walter 

Fletcher 

Beach 

Dump up 

Beach 

North Gully 

One man Beach 

Duphcates 

northern corner 

center north 

center south 

southern corner 

at southern grorn entrance to beach 

at southern groln entrance to beach 

center of beach 

between N Gully and Dump up Beach 

10 m seaward from mouth 

center of beach 

(Duplrcate) ( I )  

Water 
Depth 

(appr 
m) 

1 1  

1 6  

1 6  

1 0  

0 3 

0 3 

1 2  

0 3 

0 3  

1 2  

1 0  

Sunday 
26 0c t  

1740h 

dry 

LOUIS 
Berger 

10 

I 1  

12 

2 

3' 

45 

2 

290 

>I0000 

1 

Monday (3) 
27 Oct 
9 45h 

dry (2) 

Lours 
Berger NWC 

>6000, 

>60001 

,6000 1 040 

0 

>6 000, 220 

50 450 

5 1  17 

1501 

58000' 

1 
I 

>6 0001 

Tuesday 
28 Oct 

10 15h 

dry (2) 
I 

Lours 
Berger 1 NWC 

1 

940 

140 I 

520 900 

20 I 

471 
I 

1531 490 

1 1 5  

670 / 
4 0001 4 360 

52 1 

Thursday 
30 0 c t  

18 15h 

dry 

Lours 
Berger 

0 

0 

0 

0 

1 

0 

1 

1 

20 000 

0 

Wedn 
29 0 c t  

14 15h 

dry 

Lours 
Berger 

0 

0 

0 

0 

0 

4 

0 

3 

7 600 

I 

Frrday 
31 0 c t  

14 25h 

, dry 

NWC 

37 

< I  

10 

10 

42 

13 

< I  

18 

4 800 

2 

STATISTICS 
Geom M~nr Max1 

Mean Count mum mum 

dry weather 

all Berger samples 
& NWC samples from Oct 31 

28 6 0 >6 000 

10 6 0 >6 000 

21 6 0 >6 000 

2 6 0 2 0  

16 6 0 >6 000 

14, 6 0 153 

1 6 0 5 

34 6 1 670 

10 917 6 4 000 58 000 

I 

Geom M~nr Max1 

Mean Count mum mum 

dry weather 

all Berger samples 
(except Oct 27 & 28) 

& NWC samples from Oct 31 

3 4 0 3 7  

I 4 0 1 1  

2 4 0 1 2  

1 4 0 1 0  

3 4 0 4 2  

6 4 0 4 5  

1 4 0  2 

1 4 1 290 

9 242 4 4 800 20 000 



Table B 4 

Faecal Col~form Concentrat~ons In Montego Bay (co1/100 ml) 
Walter Fletcher Beach 

SAMPLING EVENT 4 December 7 to 12 1997 

NOTES 

(1) Dupl~cate stations 1217 MB 7 1218 MB 14 1219 MB 14 12/10 MB 5 1211 1 MB 16 

MT Multiple Tube Method 

MF Membrane Filtration Method 

ed Edited due to quallty control problems 

Not available or not applicable 

FC DEC97 XLS 1/7/98 9 51 PM 

Thursday 
I 1  Dec 

17 10h 

dry 
LOUIS 

Berger 

0 

I 

0 

0 

0 

0 

1 

1 

13,400 

0 

1 

Wednesday 
10 Dec 

12 OOh 

d rY 
Louis NWC NWC 
Berger (MF) (MT) NRCA 

1 

2 

2 ed 2 220 

1 

0 

0 

1 ed 110 

I ed 940 > I  600 

240 000 ed > I 6  000 

0 ed 130 

0 350 
0 ed <2 

STATISTICS 
Geom Mlnl Max1 

Mean Count mum mum 

dry weather 

all Berger samples 

1 5 0 1 

3 5 1 12 

1 5 0 4 

1 5 0 9 

1 5 0 3 

1 4 0 3 

1 5 0 5 

2 5 1 5 

16,914 5 3 160 >40 000 

I 2 

Monday 
8 Dec 

17 OOh 

dry 
Louis 

Berger 

0 

2 

1 
2 

0 

0 

5 

4 

36 000 

0 

Locatlon 
Tuesday 
9 Dec 

16OOh 

Louis 
Berger 

1 

12 

1 

0 

3 

3 

0 

5 

3,160 

I 

1 

Walter 

Fletcher 

Beach 

Dump up 

Beach 

North Gully 

One man Beach 

Duplicates 

Sunday 
7 Dec 

16 OOh 

dry 
Louis 

Berger 

I 

7 

4 

9 

0 

0 

3 

22700 

6 

Statlon 
No 

MB 2 

M B 4  

M B 5  

M B 7  

MB 8 

MB 13 

MB 14 

MB 16 

MB 15 

M B 1 7  

MB 9 
MB 16a 
Buffer 

northern corner 

center north 

center south 

southern corner 

at southern groin entrance to beach 

at southern groln entrance to beach 

center of beach 

between N Gully and Dump up Beach 

10 m seaward from mouth 

center of beach 

(Duplicate) (I) 

Duplicate of MB 16 
Clean Buffer Solution 

Water 
Depth 

(aPPr 
m) 

1 1  

1 6  

1 6  

1 0  

0 3 

0 3 

1 2  

0 3 

0 3  

1 2  

1 0  

0 3  
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LEGEND 

STATION # 
/ STATION LOCATION - FC CONCENTRATION GEOMURIC MEAN (co1/100 ml) 

530- FC CONCENTRATION MAXIMUM (co1/100 ml) 

> # 

U S AGENCY FOR INTERNATIONAL 
DEVELOPMENT COASTAL WATER QUALITY MONITORING F~gure B-2 

@-- LOUS BERGER INTERNATIONAL, NC Scale l c m  = 40 meters MONTEGO BAY - Faecal Col~form (All Samples) 

Techntcal Support Serwces,  Inc 
Sampling Event 2 Sept 28 to Oct 3, 1997 

December 1997 



LEGEND 

STATION # 
/ STATION LOCATION - FC CONCENTRATION GEOMETRIC MEAN (co1/100 rnl) 

530- FC CONCENTRATION MAXIMUM (co1/100 ml) 

USF-26 d g 12/97\AC 

' J  - 

>6 000 
STORMWATER 
DRAINAGE PlPE 

fl 
,* 

rC /' 
rC 

< 
r. 4 

d 

WALTER .. 

STORMWATER r C 

DRAINAGE PlPE T. 

13 P r 

li1 J 

J J 

+' 
@d Zd/ 

>*d-'> 

S C  .. ' 
i d @; , 

, 7 f 
4' --- , 

I 

i J  
I. 

DUMP-UP I' / f 

+. - -  e , 
J 

U S AGENCY FOR INTERNATIONAL 
DEVELOPMENT 

@- LOUS BERGER INTERNATIONAL, NC 

Technical -port Services, lnc 

COASTAL WATER QUALITY MONITORING 

Scale t c m  = 40 meters 

December 1997 

F~gure 8-3 

MONTEGO BAY - Faecal Colrform (All Samples) 
Samplrng Event 3 Oct 26 to Nov 2, 1997 



LEGEND 

STATION # 

FC CONCENTRATION GEOMETRIC MEAN (co1/100 ml) 

530- FC CONCENTRATION MAXIMUM (co1/100 rnl) 

MBf-27 drg 12/97\AG 
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1 STORMWATER 



U S  Agency for Internatronal Development Faecal Colrform w Coastal Waters m Jarnalca - Fznal Report (Drajj) 

ATTACHMENT C 

Faecal ~ol i form Concentrations 
and Distribution 

by Sampling Event: 

NEGRIL 
(Communrty Centre Beach, 

and Surrounding Areas) 

Lotrls Berger Internatronal Inc 



Table C-I 

Faecal Col~form Concentrat~ons in Negril (co1/100 ml) 
Community Center Beach 

SAMPLING EVENT 1 (Reconna~ssance) August 26 to 29,1997 

NOTES 
(I) The color of the sample was l~ght brown 
(2) The color of the sample was brown~sh 
(3) In-s~tu measurements of sample Salln~ty 13 2 ppt Temperature 28 deg C Conductlvlty 14 1 uSlcm 
(4) In srtu measurements of sample Sal~n~ty 1 6 ppt Temperature 27 deg C Conductlv~ty 3 000 uSlcm 

The sal~nlty at thls stat~on ~ncreased below appr 50 cm due to Inflow of sallne water from the sea 

Locat~on 
Stat~on 

No 

NG- 1 

NG- 2 

NG- 3 

NG- 4 

NG- 5 

NG- 6 

NG- 7 

NG-8 

NG- 9 

NG-10 

NG-11 

NG-12 

Community 

Center 

Beach 

South Negrrl 

R~ver plume 

South Negrll 

Rlver upstream 

Dupl~cate 

450 m from mouth of S-Negrrl Rlver 30m from shore 

400 m from mouth of S-Negrrl Rlver 30m from shore 

340 m from mouth of S-Negrrl Rlver 30m from shore 

280rn from mouth of S-Negrrl Rlver 30m from shore 

230 m from mouth of S-Negr~l Rlver, 30m from shore 

180 m from mouth of S-Negrrl Rlver 5m from shore 

130 m from mouth of S-Negrrl Rlver 30m from shore 

50 m northwest of northern jetty of rlver 

50 m west of rrver mouth 

mouth of rrver 

250 m from mouth at N B Blvd br~dge 

Duplicate of Statlon NG-5 

Water 
Depth 

(appr 
m) 

1 6 

1 6 

1 6 

1 6  

1 7 

1 8  

2 0 

>6 

>6 

2 4  

2 0  

1 7  

Thursday 

Notes 

(1) . 

(2 3) 
(2 4) 

28 Aug 

Rarnfall 

Heavy rain four days prior to 

samplrng (Source Met Office 

statlon In S-Negrrl) 

The drrect~on of the plume of 

South Negrll Rlver movlng out 

to sea was WSW (I e rt drd not 

come ashore on the Community 

Center Beach) 

Sampl 
Trme 

(h) 

7 43 

7 45 

7 50 

752 

7 53 

754 

8 00 

915 

9 20 

925 

930 

753 

Faecal 
Col~form 
Concen- 
tratlon 

(col/l00 ml) 

NWC Lab 

4 

4 
20 

6 

40 

14 

8 

70 

1,200 

3,500 

1,500 

50 
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Table C 2 

Faecal Collform Concentrations In Negr~l (~011100 ml) 
Community Center Beach 

SAMPLING EVENT 2 28 September to 3 October 1997 

I 1 Statron 

I 

North of [I 500 m from mouth of S N Rrver (to Negrrl Gardens Hotel) 5m from shore 1 NG 37 

Communrty 1 250 m from mouth of S Negrtl Rrver (to Sandt San Hotel) 5m from shore NG 36 

Center Beach 1 000 m from mouth of S N Rrver (at Bar B Barn Hotel) 5m from shore NG 34 I / 750 m from mouth of S N Rrver (at Travellers Hotel) 30m from shore ING 28 

I [750 m from mouth of S N Rrver (at Travellers ~ o t e l j  5m from shore ]NG 33 

600 m from mouth of S N Rrver (at Coral Seas Hotel) 30m from shore 

600 m from mouth of S N Rrver (at Coral Seas Hotel) 5m from shore 
450 m from mouth of S Negrrl Rtver 30m from shore 

1450 m from mouth of S Negrrl Rtver 5m from shore ING 31 
Communrty 340 m from mouth of S Negrrl Rlver 30m from shore NG 3 

I Center I 350m from mouth of S Negrrl Rrver 5m from shore 
Beach 230 m from mouth of S Negrll Rrver 30m from shore 

I 240 m from mouth of S Negrtl River 5m from shore 
130 m from mouth of S Negrrl Rrver 30m from shore 

I [800 m west of rrver mouth JNG 23 

South Negrrl 
Rrver 

plume 

140 m from mouth of S Negrrl Rrver 5m from shore NG 29 
50 m northwest of northern jetty of rrver NG 8 

50 m west of river mouth NG 9 

250 m west of rrver mouth NG 26 
450 m west of rlver mouth NG 15 

upstream 

South Negrrl 

Rrver 

'900 m upstream from mouth 
1 500 m upstream from mouth 

1 800 m upstream from mouth 

2 300 m upstream from mouth 
2 800 m upstream from mouth 

3 200 m upstream from mouth 
3 800 m from mouth at NWC ponds 

1 300 m west of river mouth NG 24 
mouth of rrver NG 10 

250 m from mouth at N B Blvd brrdge NG 11 

I (4 400 m upstream from mouth JNG 21 

(2) Rarn for 1 hour durrng late afternoon of prevtous day (10 mm) (Source Mr Johnson Me 

Dupl~cates 

eorologrcal statron rn Negrrl) 

4 700 m upstream from mouth NG 22 
(duplrcate of Statron NG 10) NG 101 
(duplrcate of Statron NG 5) NG 16 

Not ava~lable or not applrcable 

NOTES (1) Rain for 1 hour during late afternoon of previous day (1 8 mm) (Source Mr Johnson MI 

FC SEP97 XLS 1/7/96 9 27 PM 



Table C 3 

Faecal Col~form Concentrations In Negr~l (~011100 ml) 
Communrty Center Beach 

SAMPLING EVENT 3 26 October to 2 November 1997 

OTES (I) Dupl~cate statrons 10127 10128 and 10130 NG 5 1112 see Note (2) below 
(2) Four duplrcates on thrs day NG 16 (=NG 5) < I  MPN/lOOml NG 135 (=NG 18) 570 MPN/lOOml NG 136 (=NG 10) 1 180 MPN/100 ml NG 137 (NG 26) 9 MPN/lOOml 

(3) Rarn fell on the day before (1 Nov 97) around 16 OOh wrthrn the watershed of the South Negrrl Rrver Estrmated rarn volume 5 to 10 mm FC OCT97 XLS ln198 9 29 PM 

Rarnfall occurred durrng rncomrng trde (hrgh trde was estrmated wrth 22 OOh) Samplrng on 2 Nov 97 occurred durrng the second outgolng trde after rarnstorm 

Not avarlable or not applrcable 

STATISTICS 
Geom Mrn~  ' Maxr 

Mean Count mum mum 
All samples 

all Berger samples 
& NWC samples from Nov 2 

9 1 

0 1 

17 1 

16 1 

17 1 

4 0 33 
1 

10 1 

4 4 0 37 

13 1 j 

4 4 0 41 

24 2 10 60 

4 0 5 1 
4 1  

151 1 

7 4 0 92 

190 4 81 380 

6 3 
O1 

29 

4 4 0 140 

2 4 0 5 

1 41 0: 5 

226 4 341 1 423 

658 4 119 26000 

65 4 5 320 

47 4 1 2900 

69 4 10 190 

illi 3 60 230 

51 3 12 210 

61 3 30 153 

2131 3' 210 220 
I 

374 3, 190 530 

359 3 2501 530 

Tuesday 
28 Oct 
14 15h 

. dly 

LOUIS 
Berger 

0 

0 

0 

0 

0 

81 

29 

140 

2 

0 

50 

260 

< I 0  

1 

10 

0 

Statron 
No 

NG 37 

NG 36 

NG 34 

NG 28 

NG 33 

NG 27 

NG 32 

NG 1 

NG 31 

N G 3  

NG 30 

N G 5  

NG 25 

N G 7  

NG 29 

NG 8 

NG 9 

NG 26 

NG 15 

NG 23 

NG 24 

NG 10 

NG 11 

NG 18 

NG 12 

NG 17 

NG 19 

NG 13 

NG 20 

NG 14 

NG 21 

NG 22 

NG 16 

Water 
Depth 

fappr 
m, 

0 8 

0 8 

0 8 

0 8  

0 8  

1 6  

0 8  

1 6  

0 8  

1 7  

0 8  

2 0  

0 8  

>6 

26 

Locatron 
Thursday 
30 Oct 

14 05h 

dry 

Lours 
Berger NWC 

9 

0 

17 

16 

17 

31 

10 

28 

13 

25 32 

60 

51 

15 

92 

350 

0 

0 < I  

0 < I  

0 

1080 

>6 000 4 000 

80 ' 
110 

81 160 

60 

54 

30 

21 0: 
t 

530 
I 

530 I 

16 30 

Monday 
27 Oct 

1405h 

dry 

Lours 
Berger 

33 

37 

41 

10 

31 

87 

4 20 

< I0  

< I0  

< I0  

34 

119 

140 

15 

190 

230 

12 

50 

220 

190 

250 

48 

North of 

Communrty 

Center Beach 

Community 

Center 

Beach 

South Negrrl 

R~ver 

plume 

South Negrrl 

Rrver 

upstream 

Duplfcates 

Sunday 
2 Nov 

1445h 

drylwet (2) 

NWC 

< I  

< I  

< I  

<1 

<1 

380 

18 

c l  

2 

-=I 

1 423 

1 009 

320 

2 900 

144 

99 

210 

153 

210 

520 

350 

(2) 

1 500 m from mouth of S N Rlver (to Negrll Gardens Hotel) 5m from shore 

1 250 m from mouth of S Negrrl Rrver (to Sandr San Hotel) 5m from shore 

1 000 m from mouth of S N Rrver (at Bar B Barn Hotel) 51-17 from shore 

750 m from mouth of S N Rrver (at Travellers Hotel) 30m from shore 

750 m from mouth of S N Rrver (at Travellers Hotel) 5m from shore 

600 m from mouth of S N Rrver (at Coral Seas Hotel) 30m from shore 

600 m from mouth of S N Rrver (at Coral Seas Hotel) 5m from shore 

450 m from mouth of S Negrrl Rrver 30m from shore 

450 m from mouth of S Negrrl Rrver 5m from shore 

340 m from mouth of S Negrrl Rrver 30m from shore 

350m from mouth of S Negr~l Rrver 5m from shore 

230 m from mouth of S Negrrl Rrver 30m from shore 

240 m from mouth of S Negrrl Rrver 5m from shore 

130 m from mouth of S Negr~l River 30m from shore 

140 m from mouth of S Negrrl River 5m from shore 

50 m northwest of northern jetty of rrver 

50 m west of rrver mouth 

250 m west of rrver mouth 

450 m west of rrver mouth 

800 m west of rrver mouth 

1 300 m west of rlver mouth 

mouth of rrver 

250 m from mouth at N B Blvd brrdge 

900 m upstream from mouth 

1 500 m upstream from mouth 

1 800 m upstream from mouth 

2 300 m upstream from mouth 

2 800 m upstream from mouth 

3 200 m upstream from mouth 

3 800 m from mouth at NWC ponds 

4 400 m upstream from mouth 

4 700 m upstream from mouth 

Duplrcate ( I  2) 



Table C 4 

Faecal Col~form Concentrat~ons In Negrll (~011100 ml) 
Communrty Center Beach 

SAMPLING EVENT 4 December 7 to 12 1997 

OTES (1) Dupllcate statlons 1218 NG 28 1219 NG 5 12110 NG 5 1211 1 NG 17 

ed Ed~ted due to analytical quallty control problems 
Not ava~lable or not applicable 

FC OEC97 XLS 1/7/98 9 48 PM 

STATISTICS 
Geom Mini Maxl 

Mean Count mum 1 mum 

AII samples 

all Berger samples 

5 2 0 60 

2 2 0 11 

12 2 6 26 

9 3 0 4 3  

80 1 

20 4 0 3 1 3 0  

8 4 0 230 

11 4 0 330 

76 1 

I 0  4 0 350 

25 4 0 510 

232 4 13 1 100 

48 4 1 280 

6 4 3 20 

1 4 0 2  

1 1  41 0 2 
I 

236 4 5 980 

952 4 440 1900 

175 4 580 

195 4) 2 810 

307 4: 130 1 420 

321 41 140 670 

236, 4 120 500 

222 4 93 470 

486 4 260, 690 

147 3 125 180 

Thursday 
I1 Dec 

13 15h 

d'Y 
LOUIS 

Berger NWC 

0 

0 -=I 

0 

0 

I 

130 

400 1 200 

114' 106' 

20 

0 

0 / 

980 

440 1613 

113 

132 1 
130 207 

390 I 

500 

470 I 

610 

1401 

230 

Wednesday 
10 Dec 

9 15h 

dry 
LOUIS NWC NWC 

Berger (MF) (MT) ' NRCA 

0 

I 

I 
2 I 

I 

0 I 

I 
0 ed c2 

0 I 
I 

I 
0 

. I 1 0 0  ed 3500' > I  600 

280 

4 

o1 I 

01 1 1 
760 ed 1 600 1 100 

820 ed 1700 340 

76 

170 

200 ed 300 
'I 

290 I L 

200 

190 

690, : 125 i I 
I 

0 ed / 2 

1 ed >1 600 

Tuesday 
9 Dec 

12 50h 

dry 
LOUIS 

Berger NWC 

0 

0 

6 

40 

I 

53 

230 

330 ed 

350 

510 ed 

510 

170 

4 

1 ' 
0 1  

840 

1200 ed 

190 

810, 

1 420, 

6701 ed 

260 

290 

510, 

1801 
I 

370 ed 

Locatlon 

Statlon 
No 

NG 37 

NG 36 

NG 34 

NG 28 

NG 33 

NG 27 

NG 32 

N G I  

NG 31 
N G 3  

NG 30 
NG 5 

NG 25 

NG 7 

NG 29 

NG 8 

NG 9 

NG 26 

NG 15 

NG 23 

NG 24 

NG 10 

NG 11 

NG 18 

NG 12 

NG 17 

NG 19 

NG 13 

NG 20 

NG 14 

NG 21 

NG 22 

NG 16 

NG 9a 

North of 

Community 

Center Beach 

Comrnun~ty 

Center 
Beach 

South Negrll 

R~ver 

plume 

South Negr~l 

R~ver 

upstream 

Duplrcaies 

1 500 m from mouth of S N Rlver (to Negrll Gardens Hotel) 5m from shore 

1 250 m from mouth of S Negr~l Rlver (to Sand1 San Hotel) 5m from shore 

1 000 m from mouth of S N R~ver (at Bar B Barn Hotel) 5m from shore 

750 m from mouth of S N R~ver (at Travellers Hotel) 30m from shore 

750 m from mouth of S N Rlver (at Travellers Hotel) 5m from shore 

600 m from mouth of S N R~ver (at Coral Seas Hotel) 30m from shore 

600 m from mouth of S N R~ver (at Coral Seas Hotel) 5m from shore 
450 m from mouth of S Negrll Rlver 30m from shore 

450 m from mouth of S Negr~l Rlver 5m from shore 
340 m from mouth of S Negrll Rlver 30m from shore 

350m from mouth of S Negr~l Rlver 5m from shore 
230 m from mouth of S Negr~l Rlver 30m from shore 

240 m from mouth of S Negrll Rlver 5m from shore 

130 m from mouth of S Negr~l Rlver 30m from shore 

140 m from mouth of S Negr~l Rlver 5m from shore 

50 m northwest of northern jetty of rlver 

50 m west of rlver mouth 

250 m west of r~ver mouth 

450 m west of rlver mouth 

800 m west of rlver mouth 

1 300 m west of river mouth 

mouth of rlver 

250 m from mouth at N B Blvd brldge 

900 m upstream from mouth 

1 500 m upstream from mouth 

1 800 m upstream from mouth 

2 300 m upstream from mouth 

2 800 m upstream from mouth 

3 200 m upstream from mouth 

3 800 m from mouth at NWC ponds 

4 400 m upstream from mouth 

4 700 m upstream from mouth 

Dupl~cate ( I )  

Dupl~cate of NG 9 

Water 
Depth 

lappr 
m) 

0 8 

0 8 

0 8 

0 8  

0 8  

1 6  

0 8  

1 6  

0 8  

1 7  

0 8  

2 0  

0 8  

>6 

>6 

Monday 
8 Dec 

13 30h 

, dry 
LOUIS 

Berger NWC 

60 

I I 

26 

43 

80 

3130 

60 

200 298 

76 

130 

12 40 

13 

I 

3 10 

2 

2 

< I 0  

1900 4 500 

580 

80 

240' 500 

140, 

120 

93 

260 
I 

25 





THE GREAT MORASS 

@--- LOUIS BERGER INTERNATIONAL, INC Scale Icm = 200 meters 
NEGRIL - Faecal Col~form (All Samples) 

Technical Support Servlceq hc December 1997 
Sampling Event 2 Sept 28 to O C ~  3, 1997) 

F~gure C-2 U S AGENCY FOR INTERNATIONAL 
DEVELOPMENT COASTAL WATER QUALITY MONITORING 
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THE GRE4T MQRASS 

U S AGENCY FOR INTERNATIONAL 
DEVELOPMENT I COASTAL WATER QUALITY MONITORING I 

@ I  LOUIS BERGER INTERNATIONAL, YC 

Technical Support Services, Inc 

Scale tcrn = 200 meters 
- 

December 1997 

NEGRIL - Faecal Col~form (Dry Weather) 
Sampling Event 2 S9pt 28 to O C ~  3, 1997) I 



THE GREAT MORASS 

US AGENCY FOR INTERNATIONAL 
COASTAL WATER QUALITY MONITORING 

F~gure C-2b 
DEVELOPMENT NEGRIL - Faecal Coltform (WetIDry) 

@- LOUIS BERGER INTERNATIONAL EIC 
- 

Scale I C ~  = 200 meters Samples One Day after Ram on Oct 2, 
Teohnbal Support Servlcea, ho December 1997 Sampling Event 2 S9pt 28 to O C ~  3, 1997 



THE GREAT MORASS 

US AGENCY FOR INTERNATIONAL 
DEVELOPMENT 

@- LOUIS BERGER NTERNATIONAL, PIC 

Technical Support Services, hc 

COASTAL WATER QUALITY MONITORING 
Figure C-3 

Scale l cm = 200 meters 

December 1997 

NEGRIL - Faecal Col~form (All Samples) 
Sampling Event 3 O C ~  26 to NOV 2, 1997 
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U S  Agency for Internatronal Development Faecal Col$orm m Coastal Waters m Jamaica - Fznal Report (Draj) 

ATTACHMENT D 

Quality Control Information 
(Samplzng Events I to 4) 

Lours Berger International Inc 



U S  Agency for Internatronal Daelopment Faecal Colfor~n m Coastal Waters m Jamarca - Frnal Report (Dt a)) 

Attachment D 
Qual~ty Control Evaluation of Field Laboratory 

1 Overview of QAIQC 

The purpose of a quality assurance (QA) and quallty control (QC) procedures IS to ensure that the 
assay results are both accurate and reproducible by other laboratories conducting the same assays 
Gwen the importance of the results from the Jamaica Faecal C o l ~ f o m  Project to both publrc health 
and environmental managers In Jamaica, a particularly high level of QAIQC approaches were 
deslgned Into the programme In addltlon, strlct adherence to accepted methodolog~cal protocols 
were malntalned An important aspect of the present programme was the adherence to the <6 hour 
holdlng tlme for the water samples Durlng the course of the study more than 90% of the samples 
were transported to the laboratory wlthln 6 hours of collection for processing wlthln 2 hours, no 
sample was used after a holding tlme of longer than 8 hours 

2 QA/QC approaches for Berger field laboratory 

The Berger field laboratory used five mechanisms for ensurlng data quality (1) >5% of the samples 
were bllnd field duplicates, (2) confirmation of ldentlfied faecal col~forms and non-faecal col~forms 
were performed using the gas production technique to ensure that colonies identified as faecal 
col~forms were not other heterotrophlc (non-faecal col~form) bacteria, (3) sterlle blanks were assayed 
wlth every sample serles wlth occasional bllnd field sterile blanks, (4) a comparison of buffer used 
In the Berger field laboratory and buffer prepared by a USEPA certlfied publlc health laboratory was 
conducted, and (5) laboratory lntercallbratlons were run w ~ t h  three laboratories in Jamalca, a 
USEPA certlfied laboratory In the United States (Barnstable County Health Department) whlch 
routinely performs faecal collform analyses 

QAIQC samples were collected from all of the beaches monitored, both Turtle and Sailor Hole 
Beaches In Ocho Rlos, Walter Fletcher and Dump-up Beaches in Montego Bay and Community 
Centre Beach in Negrll The sampling was dally, although not at all sites and ran from September 
28 through October 3, 1997, October 26 through 3 1, 1997 and December 7 through 12, 1997 The 
breakdown of QA samples IS detalled in Table D- 1 

An additional analytical procedure was to perform all assays wlth multlple dilutions (from 2- 
4lsample) In order to keep the counts per filter to less than 60 and almost always to less than 100 
Addltlonal dllutlons were performed durlng raln event sampllng in order to keep the counts to wlthln 
methodolog~cally proscribed levels If the number of colonles per filter becomes too high, not only 
are the plates difficult to count, but the colonies can begln to compete for resources causlng 
mlsleadlng results 

The Incubator temperatures were also routinely monitored as incubation temperature IS crltical to 
the preclslon of the method Temperature control on the incubators was always wlthln the +O 2°C 
requlred by the method 
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Table D-1 
Internal QAIQC Procedures and Results over the 1997 Sampling Perlod 

3 Field Laboratory QA/QC Evaluation 

The laboratory operated throughout the Water Quallty Project at a hlgh level This was due to the 
strict adherence to methodologies, the compliance with the 6 hour holdlng tlme for field samples, 
the slngle focus on mlcroblal analysls (a full laboratory generally has a diversity of chemlcal and 
b~ologlcal assays belng performed simultaneously), the hlgh degree of QAIQC checks, and the use 
of state-of-the-art techniques 

Laboratory 

Berger 
Fleld Lab 

One of the major roles of the QA programme is to ensure that the levels of faecal col~forms reported 
are not artific~ally too hlgh or too low Thls was accomplished by assaylng sterlle controls, which 
would yield values incorrectly high and through tests which confirm that ldentlficatlon of faecal 
col~form (positive) and non-faecal coliform (negatlve) colonles are correct In these confirmatlon 
tests, false posltlves result in too high counts and false negatives too low counts 

('1 These are blind duplicate field samples 
(3 These are sample spllts whlch gave readable plates at 2 d~lutlons 
(3 Number of blanks showlng counts (+) per total conducted 
(4 Number of confirmatlon tests by gas formation %'s indlcate correct + and - confirmations 

Intra-Lab' 
Q A- 
Dupl~cates 

55 
(6%) 

Field 
Samples 

845 

Sterile control samples were run with each batch of samples assayed and always showed no growth, 
even field blanks wh~ch were transported through the field sampl~ng These sterlle control samples 
added 4% more samples, but were crltlcal as they provlded an important check on contamlnatlon 
From the assay of the control samples and the fact that varlous sampling locations at each beach 
showed no faecal col~forms, ~t is certaln that contamlnatlon was not a problem In this study 

Confirmatlon tests of both posltlve and negatlve faecal col~form ldentlficatlons were conducted to 
malntaln ldentlficatlons These tests are needed to ensure that the vlsual ldentlficat~on (uslng a 
microscope and fluorescent Ilght) of colonles on the incubated membrane filters are belng properly 
classified as faecal and non-faecal col~forms About half of the total tests were performed durlng 
the ~nitlal sampllng to develop the site-speclfic vlsual characterist~cs of faecal collform colonies 
Periodic confirmations were performed during each of the sampllng events The confirrnatlon 

Intra-Lab' 
Dilut~on- 
Duplicates 

237 
(26%) 
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procedure primarily targeted colonles which suggested some uncertainty In actual field samples from 
each of the study sites Individual colonies which were Identified as faecal coliform and non-faecal 
coliform in routlne coiinting were transferred from the Incubated filters to a 11qu1d lauryl tryptose 
medla and incubated for 24 hours at 35OC If thls incubation generates gas, then a second transfer 
to EC broth 1s performed for 24 hour ~ncubation at 44 5°C Generation of gas in this final incubation 
confirms faecal collform, faflure to generate gas confirms non-faecal collform The 149 
confirmation tests conducted were about eqiiallq divlded between vlsually rdentified faecal and non- 
faecal col~forms Of the total tests conducted, 93% of the colonies deemed to be faecal coliform and 
85% of the non-faecal colon~es were correctly identified (Table 1) Thls indicates a high degree of 
accuracy in ldentlficatlon slnce (1) obv~ous ldentlfications were rarely checked almost all of the 
effort was in verifying the difficult- to-ldentlfy colonies, and (2) almost all of the colonies on a filter 
were faecal collform, so the larger percent error In the non-faecal ldentlficatlons actually represents 
a small error In the actual counts 

One other factor whlch can Influence the accuracy of the assay 1s the quality of the buffer solutlon 
used to make up the sample dilutions Although fresh buffer was made for each sampling day and 
the water used was rated as Type I1 quality, a buffer check was performed To chech the quallty of 
the buffer used In thls study, a comparison of results from dlluted field samples run uslng the on-site 
buffer versus buffer made up by a USEPA certlfied m~crob~ological laboratory was conducted The 
U S laboratory routinely has ~ t s  water certlfied for m~crobiological use Field samples requiring 

dilutlon and assayed using both buffers showed good agreement In faecal coliform counts indlcatlng 
that the buffer produced on-slte was of high quality (Figure D-1) 

The use of bllnd field dupllcates provides the best approach for determln~ng the repeatablllty and 
precislon of the overall collform monltorlng programme Fleld dupllcates are samples collected 
separately at a field site at the same tlme but w ~ t h  a separate ldentificat~on number The locat~on of 
the duplicates was not known to laboratory personnel unt~l  after data processlng From these 
samples an estlmate of the comblned sampllng and analytical errors can be determined wh~ch is 
more robust than the typlcal approach of runnlng dupl~cate assays from the same bottle on a small 
percentage of the samples For the 900 samples analyzed for faecal collforms, an additional 55 blind 
dupllcates were assayed for an Increase of 6% In total analyses 

The results of these bl~nd duplicate QA samples Indicate a high degree of preclsion (Flgures D-2 to 
D-4) Of the 54 palrs of samples (one sample from Trip 4 was not included for QA reasons) the 
average difference was about 10% Data was assayed both untransformed and log,, transformed 
The precislon of the assay 1s further assessed from the llnear regresslon of the dupllcates from all 
of the sampling events The data was clearly directly related (slope=l 02) and showed l~ttle 
difference between palred samples (i=O 98) Note that a slmilar analysls of the 15 blind samples 
dupl~cates assayed by the NWC laboratory In Bogue showed only sllghtly more varlable results 
However, given the lower number of dupl~cates the linear regression coefficient showed excellent 
repllcatlon (?=O 87 wlth a slope of 1 06) The bvo other laboratories In Jamaica had ~nsufficient 
field dupllcates to evaluate preclsion All of these analyses support the conclusion that the data were 
highly reproduc~ble and that the method showed little variability rn the assay of natural samples by 
the same laboratory 
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Another evaluation of the performance of the assay 1s to examine assays of the same sample (from 
the same bottle) but analyzed at different d~lutlons Only samples can be used where there are 
silfficient faecal col~forms to glve results for the hlgher d ~ l u t ~ o n  but not so many that the lower 
dllution has so many colon~es that ~t cannot be counted Of the 900 field samples analyzed bj  the 
Berger field laboratory, 237 had adequate data from the 100 ml and 10 ml assays for comparison 

(Figure D-5) While the data show some varlat~on overall there is excellent agreement bebveen the 
dllut~ons Linear regresslon analysls yields a slope of 0 96 compared to 1 00 for a perfect fit and an 
*O 89 The r' 1s a measure of the variation between the dllut~ons These results not only lndlcate 
that the dilutions were belng performed properly, but also that there was no lnh~bltion or stlmulat~on 
of faecal coliform recovery when buffer (10 ml assays) versus no buffer (100 ml assays) was used 
Taken together the bllnd dupl~cates and the dll~~tion comparisons lnd~cate a hlgh degree of precision 

in the faecal collform assay as performed In thls study 

Lozi~s Berger Internatronal Inc 0 - 4  
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Compar~son of Dupllcate Samples 
Berger F~eld Laboratory - Internal Duplicates 

SAMPLING EVENT 2 28 September to 3 October 1997 

Figure D-2 

Quality Control - Dupllcate Sample 
Comparlson 

LOUIS Berger F~eld Laboratory 

0 

0 100 200 300 400 500 600 700 800 
Fecal Col~forrn (MPN1100 ml) 

Dupl~cate Sample 
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Compar~son of Dupl~cate Samples 
Berger F~eld Laboratory - Internal Dupl~cates 

SAMPLING EVENT 3 26 October to 2-November 1997 

Qual~ty Control - Dupl~cate Sample 
Compar~son 

LOUIS Berger Fleld Laboratory 

10 100 1 000 10 000 

Fecal Collform (MPN1100 rnl) 
Ong~nal Sample 

FC OCT97 XLS 12130197 4 45 PM 



Comparison of Duplicate Samples 
Berger F~eld Laboratory - Internal Dupl~cates 

SAMPLING EVENT 4 December 7 to 12 1997 

Quality Control - Duplicate Sample 
Comparison 

LOUIS Berger Fleld Laboratory 

Faecal Collform (MPN1100 ml) 
Onqnal Sample 
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Attachment E 
Laboratory Intercalibration of Faecal Coliform Determination 

1 Overview 

In order to begin development of a proficiency procedure for faecal collfonn testing of Jamaican 
waters, parallel samples were assayed In the Berger field laboratory and 3 laboratorles in Jamaica 
The goal of this prellmlnary effort was to determine the comparablllty of data assayed by different 
Rater quality laboratories Samples for thls lntercallbration were collected simultaneously and 
transported to particlpatlng laboratories for analysls generally wlthin proscribed holdlng tlme of 6 
hours, but always withln 10 hour of collection (up to 24 hours can be acceptable under proper 
transport cond~tions) Control samples were also assayed and all sampling sites were coded 
following proficiency protocols Gwen relatively short sample holding t~mes  specified by the 
method (<6 hours), most of the ~ntercalibrat~on data from thls major sampl~ng series was from the 
NWC's Bogue Lab for logistical reasons 

2 Results 

Given the loglstlcal conslderatlons, the largest number of calibration samples were performed with 
the Berger field labolatory and the NWC laboratory (130 samples In total) (Tables E-1 to E-3) 
Comparison of these data lndlcate a good agreement between these laboratories whlch both use the 
membrane filtrat~on technique (8 of llnear regresslon IS 0 92, Figures E-1 to E-3) These data were 
evaluated to determine the level of agreement between the laboratorles and the degree of variability 
Comparison of data from all surveys shows about a 10% average dlfference In faecal collform levels 
reported by each labolatory for the same samples This difference IS similar to that for duplicate 
samples conducted by the same laboratory (Attachment D) The tendency was for the NWC results 
to be sl~ghtly hlgher than the Berger results (regresslon slope=l 09) However, a palred t-test 
(N=130) Indicated that there was no significant dlfference between the faecal col~form results from 
these hvo laboratories (p=O 60) The large number of samples collected over several months and 
the hlgh degree of comparability between the laboratories' results support the lncluslon of the non- 
duplicate samples collected durlng thls study and assayed by the NWC laboratory into our overall 
water quality data base This combined data set forms the basis for the water quality evaluat~ons 
performed In the present study 

The other two laboratorles had only llmlted ~nter-calrbratlon samples (NRCA=34, Kolbusch=20), 
more are needed before any reasonable evaluation can be performed However, it did appear from 
these prel~minary data that these two laboratories sometimes yleld higher counts than e~ther the 
Berger or NWC laborator~es Although after some procedural modlficatlons were put in place after 
Event 2, the NRCA results tended to be more simllar to the Berger and NWC results (Figure E-4) 
The Kolbusch laboratory cannot be properly evaluated with only 20 samples, but the seemingly 
higher values and specific laboratory procedures would need to be examined more closely to ensure 
comparablllty Different methodologies used In faecal col~form assays frequently 4 leld differing 
results and may underlie the trends in the data from the present study Comparable results between 

Lotus Berger Intel national Inc E- 1 
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laboratories is Important not only for accuracy but for determining long-term trends in nater quality 
which generally requlre partlcipatlon of several laboratories 

A more comprehensive lntercaltbratlon programme should be undertaken to determine the level of 
agreement or disagreement In results generated under present protocols It is poss~ble, a detailed 
methodological assessment 1s required to determine the source of these difference, some of the 
potentlal areas for investigation are detalled below 

In terms of evaluation of the four beaches being sampled, the high degree of precision and the 
accuracy of ~ntercalibration of the Berger field laboratory, the NWC laboratory, and to some extent 
the NRCA laboratory, the QA data indlcate a high degree of confidence In the quallty of the field 
faecal collform determ~natlons belng performed 

3 Methodological Considerations 

Overall the analytical results are showlng good accuracy and precision However, the occasional 
positlve growth on bllnd sterlle samples and the tendency for counts to be higher In some 
laboratories compared to the Berger field laboratory should continue to be addressed Difficulties 
resulting in hlgher counts stem primar~ly from colonles being counted as faecal coliform whlch are 
actually other heterotrophlc bacteria Higher counts are the typlcal result of ldentlfication lssues 
Thls false posltive counting can result from several methodological areas (1) not all colon~es which 
appear blue on the plates are faecal coliforms, they must have a sheen and must be counted with 
fluorescent lllum~natlon on the microscope, (2) confirmations of both faecal collform and non- 
coliform colonles using the gas production method must be performed, (3) temperature fluctuat~ons 
or settlngs below the speclfied levels can result In higher growth of colonies, this can result from 
voltage problems, use of ovens versus water baths, or temperature calibration d~fficulties, and (4) 
perlodic cross contamlnatlon from wastewater samples or from highly contamlnated surface water 
samples, generally during filtration These methodological lssues need to be evaluated for all of the 
laboratories However, given the small numbers of inter-laboratory comparison samples with two 
of the laboratories, additional comparisons will be needed before any supportable conclusions as to 
proficiency can be made This is an interim evaluation aimed only at guldlng methodological 
exam~nations toward the goal of producing a uniformly accurate col~form testing approach for 
Jamalcan waters 
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Table E-1 

Laboratory lntercallbrat~on 
Turtle Beach and Satlor Hole Beach 

SAMPLING EVENT 2 28-September to 3-October, 1997 

Thursday 

2-0ct 

6 15h to 7 15h 

dry 
Fecal Col~form (~011100 ml) 

LOUIS Kol- 
Berger NWC NRCA busch 

35 32 110 56 

30 25 300 850 

19 32 

35 74 220 810 

1,500 3 100 >I 600 5 700 

620 2676 1600 >I 370 
I 9 300 270 

10 23 

37 125 

720 700 >I 600 22530 

5 10 130 116 

5 7 

6 12 

43 56 

110 350 >I 600 >I 730 
2 10 

21 7 

7 3 

50 108 

0 <I <2 8 

Stat~on 
No 

OR- 1 

OR 2 

OR 4 

OR- 5 

OR- 8 

OR 29 

OR 31 

OR 6 

OR- 24 

OR 28 

OR- 30 

OR- 9 

OR- I I 
OR- 12 

OR 13 

OR- 14 

OR 20 

OR- 21 

OR- 22 

OR- 23 

OR- 25 

OR 26 

OR- 27 

OR- 32 

OR 33 

OR- 16 

OR- 15 

Water 
Depth 

(appr 
m) 

12 

15 

>I5 

4-5 

0 3 

0 2 

0 3 

0 2 

0 2 

0 1 

3 0 

2 1 

2 0 

10 0 

3 0 

>I5 

0 05 

0 05 

Location 

Sarlor Hole Beach 

Sarlor Hole Beach 

Sa~lor Hole Beach 

Sarlor Hole Beach 

Turtle R~ver 

Turtle R~ver 

Turtle Rrver 

Sarlor Hole Rrver 

Sa~lor Hole Rlver 

Sarlor Hole Rlver 

Sarlor Hole Rlver 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Fern Gully channel 

Fern Gully channel 

Turtle Beach 

Blank (Clean Buffer 

20 m from publrc beach 

25 m from fishermen s beach 

western crurse sh~p pier 

eastern cruise shrp prer 

20 m upstream from its mouth 

small trrbutary 100 m from mouth 

at Da Costa Dr~ve br~dge 

30 m upstream from rts mouth 

sprlng bathlng area for fishermen 

confluence wrth spring water 

laundry mat drscharge basrn 

west near Sand Castles 

east near Renarssance Hotel 

center beach 

central bay 100 m from shore 

beach north of groln 

10 m off groln 

entrance to boat harbour 

end of boat pier 

50m seaward from end of boat pier 

center of boat harbour 

125m seaward from end of boat pler 

eastern end of crulse shlp landlng 

downstream at Marn Street brldge 

upstream at Shell gas statron 

(Dupl~cate) (3) 

Sample) 



Table E-2 

Laboratory lntercal~brat~on 
Turtle Beach and Sarlor Hole Beach 

SAMPLING EVENT 3 26-October to 2-November 1997 

FC OCT97 XLS 1l7198 10 46 PM 

1 J' 

Stat~on 

No 

OR- 1 

OR- 2 

OR- 4 

OR- 5 

OR- 8 

OR- 29 

OR- 31 

OR- 6 

OR- 24 

OR- 28 

OR- 30 

OR- 9 

OR- I I 

OR 12 

OR 13 

OR- 14 

OR- 20 

OR 21 

OR 22 

OR- 23 

OR- 25 

OR 26 

OR 27 

OR- 32 

OR- 33 

OR- 16 

OR- I 

OR- 15 

Location 

Water 

Depth 
(appr 

ml 

1 2  

1 5  

>I5  

> I5  

0 3 

0 2 

0 3 

0 2 

0 2 

0 1 

3 0 

2 1 

2 0 

10 0 

3 0 

> I5  

0 05 

0 05 

Sa~lor Hole Beach 

Sailor Hole Beach 

Sailor Hole Beach 

Sa~lor Hole Beach 

Turtle Rlver 

Turtle River 

Turtle River 

Sa~lor Hole River 

Sailor Hole Rlver 

Sailor Hole Rlver 

Sailor Hole River 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Turtle Beach 

Fern Gully channel 

Fern Gully channel 

Ocho Rios 

Sa~lor Hole Beach 

Blank (Boiled Seawater 

Wednesday 

29 Oct 

730to845h 

dry 

Fecal Col~form (~011100 ml) 
Louis Kol 

Berger NWC / NRCA busch 

112 250 80 ~ 3 4 0  

61 138 80 >2415 

72 60 110 >665 

31 30 

15,000 17 818 > I  600 >7 300 

350 730 280 ~ 9 6 5  

17 27 

0 2 c2 >55 

0 < I  

4 5 15 253 

0 < I  

1 2 

0 3 

110 125 

200 500 

0 2 

0 < I  

11 23 

56 27 130 >590 

130 > I  480 

0 < I  <2 0 

20 m from public beach 

25 m from fishermen's beach 

western cruise shlp pler 

eastern cruise shlp pler 

20 m upstream from its mouth 

small tributary 100 m from mouth 

at Da Costa Drive brldge 

30 m upstream from its mouth 

spring bathing area for fishermen 

confluence wlth spring water 

laundry mat discharge basln 

west near Sand Castles 

east near Renaissance Hotel 

center beach 

central bay 100 m from shore 

beach north of groin 

10 m off groln 

entrance to boat harbour 

end of boat pier 

50m seaward from end of boat pier 

center of boat harbour 

125m seaward from end of boat pier 

eastern end of cruise ship landing 

downstream at Main Street brldge 

upstream at Shell gas statlon 

(Dupl~cate of OR 4) 

(duplicate of OR 1) 

Sample) 



Table E-3 

Laboratory lntercallbrat~on 
Walter Fletcher Beach (Montego Bay) and Comrnunrty Centre Beach (Negrrl) 

SAMPLING EVENT 4 December 7 to 12 1997 

Wednesday 

10 Dec 
LOUIS NWC NWC 

Locatlon 

Stat~on 

No 

I l ~ l e a n  Buffer Solut~on 
- 

t~u f fe r  1 
NOTES ( I )  Dupllcate stations Negril 12/10 NG 5 Montego Bay 12/10 MB 5 

Water 

Depth 
(appr 

m) 

NEGRIL 
North of 
Commun~ty 
Center Beach 

Commun~ty 
Center 
Beach 

South Negrll 
R~ver 
plume 

South Negril 
River 
upstream 

DupBcates 

MT Mult~ple Tube Method 

MF Membrane Flltrat~on Method 

ed Edited due to analytical quality control problems 

Not available or not applicable 

NG 37 
NG 36 
N G 3 4  
NG 28 
NG 33 
NG 27 
NG 32 
NG 1 
NG 31 

NG 3 
NG 30 
NG 5 
NG 25 
N G 7  
NG 29 

NG 8 
NG 9 
NG 26 
NG 15 
NG 23 
NG 24 

NG 10 
NG 11 
NG 18 
NG 12 
NG 17 
NG 19 
NG 13 
NG 20 
NG 14 
NG 21 
NG 22 

NG 16 
NG 9a 

1 500 m from mouth of S N River (to Negrll Gardens Hotel) 5m from shore 
1 250 m from mouth of S Negrll Rlver (to Sand1 San Hotel) 5m from shore 
1 000 m from mouth of S N River (at Bar B Barn Hotel) 5m from shore 
750 m from mouth of S N R~ver (at Travellers Hotel) 30m from shore 
750 m from mouth of S N River (at Travellers Hotel) 5m from shore 
600 m from mouth of S N R~ver (at Coral Seas Hotel) 30m from shore 
600 m from mouth of S N River (at Coral Seas Hotel) 5m from shore - 
450 m from mouth of S Negrll River 30m from shore 
450 m from mouth of S Negril Rlver 5m from shore 

340 m from mouth of S Negr~l River 30m from shore - 
350m from mouth of S Negrll Rlver 5m from shore - 
230 m from mouth of S Negrll R~ver 30m from shore - 
,240 m from mouth of S Negrll Rlver 5m from shore 
130 m from mouth of S Negr~l R~ver 30m from shore 
140 m from mouth of S Negril River 5m from shore 

50 m northwest of northern jetty of river 
50 m west of river mouth 
250 m west of rlver mouth 
450 m west of rlver mouth 
800 m west of river mouth 
1 300 m west of river mouth 

mouth of rlver 
250 m from mouth at N B Blvd brldge 
900 m upstream from mouth 
1 500 m upstream from mouth 
1 800 m upstream from mouth 
2 300 m upstream from mouth 
2 800 m upstream from mouth 
3 200 m upstream from mouth 
3 800 m from mouth at NWC ponds 
4 400 m upstream from mouth 
4 700 m upstream from mouth 

Duplicate (7) - 
Dupl~cate of NG 9 

MONTEGO BAY 

FC DEC97 XLS lV198 10 37 PM 

l Jlr 

M B 2  
MB 4 
MB 5 
MB 7 

' M B ~  

M B 1 3  
MB 14 

MB 16 
MB 15 

MB 17 

MB 9 
MB 16a 

Walter 
Fletcher 
Beach 

Dump up 
Beach 

North Gully 

One man Beach 

Dupl~cates 

0 8  
0 8  
0 8  

0 8  

0 8  
1 6  
0 8  

1 6  
0 8  
1 7  
0 8  
2 0  
0 8  

>6 
>6 

1 1  
1 6  
16 
1 0  
0 3  
0 3  
1 2  

0 3  
0 3  

1 2  

1 0  
0 3  

northern corner 
center north 
center south - 
southern corner - 
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Figure E- 1 
Compar~son of Duplicate Samples 

LOUIS Berger vs  NWC Laboratones 
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Figure E-2 

Comparlson of Dupl~cate Samples 
Louis Berger vs NWC Laboratories 

SAMPLING EVENT 3 26 October to 2 November 1997 
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F~gure E-3 

Comparison of Duplicate Samples 
Louis Berger vs NWC Laboratories 

SAMPLING EVENT 4 December 7 to 12,1997 

L 

Quality Control - Duplicate Sample Comparison 
LOUIS Berger vs NWC Laboratory 

Ocho Rlos 
8 Dec 

Ocho RIOS 
9 Dec 

Ocho RIOS 
10 Dec 

Ocho Rlos 
11 Dec 

Negril 
8 Dec 

Negrll 
11 Dec 

Faecal Collform (MPN1100 ml) 
LOUIS Berger Lab 

Notes 
values reported as c were entered with 50% of thelr amount (marked ~n italics) 
values reported with > were entered w~th 100% of thelr amount (marked In ~talics) 

LOUIS 
Berger 

38 

45 
86 

4 200 
4 
I 

21 
310 
53 

2100 
250 

200 
12 
3 

I 900 
240 

I 
400 
114 

FCDEC97 XLS 12130197 5 05 PM 

\ J7 

NWC 
60 

23 
86 

650 
25 
22 

122 
18 
40 

40000 
470 

298 
40 
10 

4 500 
500 

1 
1200 

106 



F~gure E-4 

Laboratory Intercalibration 
(Sampl~ng Event 3 October 28,1997) 
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